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FOREWORD 


The  work  reported  herein  was  performed  in  accordance  with  Air  Force 
Contract  F33615-77-C-2029  under  the  direction  of  the  Fire  P-otection  Branch 
(AFWAL/POSH)  of  the  Fuels  and  Lubrication  Division,  Aero  Propulsion 
Laboratory,  Air  Force  Wright  Aeronautical  Laboratories,  Wrlght-Patterson 
Air  Force  Base,  Ohio,  under  Project  2348,  Task  01,  Work  Unit  02,  with 
Mr  G.T,  Beery  and  Mr  T.A.  hogan,  AFWAL/POSH,  as  Project  Engineers. 

This  report  is  the  result  of  utilizing  ultra-violet  (UV)  radiation 
technology  In  the  development  and  flight  testing  of  an  advanced  aircraft 
fire  detection  system. 

The  contractor  was  General  Dynamics,  Fort  Worth  Division,  Fort  Worth, 

Texas.  Mr.  R.d.  Springer,  Program  Manager,  directed  the  efforts  of 
P.H.  Lang,  W.B.  Kirk,  B.B.  Witte,  D.C.  Nelson,  and  J.  Phillips.  The 
overall  effort  was  under  the  supervision  of  Mr.  C.E.  Porcher,  Manager, 
Propulsion  and  Thermodynamics  Section.  Gravlner  Ltd./HTL  Industries, 
General  Dynamics  subcontractor,  accomplished  the  design,  fabrication, 
environmental  testing  and  support  for  the  flight  test  phase  of  the  program. 
Grav I ner /hTl ' s  efforts  were  directed  by  Mr.  S.P.  Robinson  who  was  supported 
by  P.H.  Sheath  and  D.J.V.  Smith.  Sacramento  Air  Logistics  Command  (SM-ALC) 
provided  the  F-lll  aircraft  and  support  for  the  flight  test  phase  of  the 
program.  Mr  8.W.  Nichols,  SM-ALC  Engineering,  coordinated  the  flight 
testing  at  McClellan  Air  Force  Base. 

This  report  describes  the  results  of  work  conducted  during  the  period  of 
15  December  1977  to  26  October  1981. 

This  is  Volume  Ill  of  three  volunes.  Volume  I  describes  the  overall  work 
of  the  program  which  Includes  the  results  of  the  flight  test  phase. 

Volume  11  contains  a  description  and  details  of  the  system  circuit  and 
software  design.  Volume  III  contains  a  description  and  details  of  the 
Ground  Support  Equipment  (GSE)  which  Is  used  as  a  fault  diagnostic 
maintenance  tool. 
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SUMMARY 


The  Ground  Support  Equipment  (GSE)  described  herein  is  a 
portable  automatic  manual  check-out  unit  for  the  Advanced  Fire 
Detection  System  ( AFDS ) . 

It  performs  three  basic  functions.  Firstly,  it  reads  out  the 
stored  data  from  the  AFDS  gathered  during  a  flight.  Secondly, 
it  checks  the  operational  capability  of  the  AFDS  and  finally 
it  identifies  faulty  line  replaceable  units. 

This  report  is  divided  into  the  following  sections: 

Section  1  is  the  Introduction. 

Section  2  is  a  Systems  Design  Description  and  describes 
functionally  the  Hardware  and  Software. 

Section  3  is  the  Systems  Method  and  describes  the  Hardware 
and  Software  in  detail. 

Section  4  is  the  Operating  Instructions. 

Section  5  contains  the  Conclusion. 

From  the  four  major  sections  it  can  be  seen  that  the  GSE  has 
been  designed  successfully.  This  is  not  to  say  that  the  GSE 
could  not  have  been  designed  better. 

Some  circuitry  duplication  was  necessary  due  to  two  independent 
sides  of  the  Computer  Control  Unit,  System  A. 

The  microprocessor  card  was  bought  ready  built.  The  major  part 
of  the  interfacing  circuitry  was  wire-wrapped  on  two  dual  si2e 
eurocards  for  ease  of  modifications  and  there  were  many. 

Several  problems  were  encountered  with  the  software.  One  of 
the  major  problems  was  that  there  was  no  clear  cut  ending  to 
the  particular  test  devised.  Problems  were  also  encountered 
due  to  the  lack  of  microprocessor  equipment.  Finally,  some 
problems  also  arose  when  the  GSE  was  operated  in  the  U.S.A. 
during  the  CCU  flight  trials. 

It  was  proposed  that  for  production  the  specification  of  the 
GSE  would  change,  which  would  result  in  the  GSE  being 
simplified.  If  the  production  quantity  is  small  then  the 
undesired  functions  are  removed  from  the  GSE  software  and  if 
the  production  quantity  is  large  then  redesign  the  GSE. 
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1.0  INTRODUCTION 


In  order  that  the  Advanced  Fire  Detection  System  (AFDS)  can  be 
checked  out  on  a  regular  maintenance  basis,  it  is  necessary 
to  provide  some  form  of  Ground  Support  Equipment  (G.S.E.)  for 
test. 

The  AFDS  has  its  own  built-in  test  system  but  cannot  identify 
a  single  failure  on  System  A  without  a  G.S.E. 

Furthermore,  the  G.S.E.  enables  post-flight  data,  stored 
during  flight,  to  be  read  directly  from  the  AFDS. 

The  G-.S.E.  is  a  portable  automatic/manual  check-out  unit  for 
the  Advanced  Fire  Detection  System.  It  performs  three  basic 
functions;  it  reads  out  the  stored  data  gathered  during  the 
flight,  it  checks  the  operation  of  the  system  and  it 
identifies  which  line  replaceable  unit  (LRU)  is  faulty. 

This  report  is  a  description  of  the  detail  implementation  of 
the  G.S.E.  It  is  split  into  four  major  sections. 

a)  System  Design 

This  section  explains  the  functions  of  the  G.S.E.  for 
the  following  conditions: 

Case  1  -  When  CCU  is  on  aircraft. 

Case  2  -  When  CCU  is  in  laboratory. 

A  functional  description  of  the  G.S.E.  hardware  is  given 
supported  by  a  simplified  block  diagram.  The  software 
is  discussed  briefly,  i.e.  tne  object  of  each  test 
performed  on  the  CCU  by  the  G.S.E.  is  given. 

b)  System  Method 


This  section  is  split  into  two  parts: 
Hardware 


The  hardware  is  split  into  17  functional  parts  and 
discussed. 

Software 


The  overall  design  is  discussed  followed  by  a  detailed 
description  of  each  test. 


c)  Operating  Instructions 

d)  Conclusions 


2.0  SYSTEM  DESCRIPTION 


2 . 1  CCU  -  G.S.E.  Connection  and  Operation 


Cables  1  to  4  are  custom-built  to  connect  CCU  to  G.S.E. 

The  same  cables  are  used  to  test  both  Systems  A  and  B. 

Normally  the  CCU  is  on  the  Aircraft,  and  cables  1,  2  and 
3  are  used,  but  the  CCU  can  be  tested  under  laboratory 
conditions,  in  which  case  cable  2  is  replaced  with 
cable  4.  The  main  differences  between  cables  2  and  4 
are: 

Cable  2 

1.  Is  an  extension  for 
the  Aircraft  cable 
form. 

2.  Powers  G.S.E.  from 
Aircraft  Power 
supply . 

3.  Connects  all  sensors 
on  Aircraft  to  G.S.E. 
input  interface. 


2.1.1  CCU  on  Aircraft 

The  sequence  of  connecting  G.S.E.  to  CCU  by  cables 
1  to  3  is  shown  in  Figure  2-1.  A  complete  set  of 
operating  instructions  both  in  Manual  Mode  and  Auto 
Mode  is  described  in  Appendix  B. 

Normally  the  G.S.E.  is  operated  in  Auto  Manual  in 
which  case  the  operator,  ensures  that: 

a)  G.S.E.  IN/OUT  switch  is  set  to  IN. 

b)  Auto/Manual  key  switch  is  set  to  Auto. 

c)  Set  Power  Switch  to  ON. 

d)  Press  and  Release  "Start  Button". 


Cable  4 

1.  Is  a  Lab.  support  cable. 


2.  Powers  G.S.E.  from  bench 
power  supplies. 

3.  Has  provision  for 
connecting  CW'U  and 

one  dual  or  single  U.V. 
sensor  to  G.S.E. 
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FIGURE  2-1  GSE  CONNECTIONS  SEQUENCE 


Observe  print  out  for  results  of  the  tests  bsing 
performed.  The  print  out  will  also  show  end  of  all 
tests  when  the  paper  is  torn  off. 

When  Manual  Mode  is  selected,  each  test  can  be 
individually  selected  as  long  as  certain  rules  are 
observed.  The  rules  are  described  in  Appendix  B. 


2.1.2  CCU  on  Bench 

Figure  2-2  shows  cable  connections  between  G.S.E.  and 
CCU.  One  of  the  main  functions  of  cable  4  is  to  charge 
up  the  G.S.E.  battery.  It  has  additional  connectors 
which  enables  it  to  be  used  for  a  bench  checkout  of 
system  units.  With  this  set-up  the  following  tests 
cannot  be  conducted  fully: 

(a)  Sensor  Test 

Because  only  one  head  can  be  connected. 

(b)  CCU  Operating  in  Normal  Mode 

Although  the  CCU  will  be  running  in  Normal  Mode 
and  respond  to  Fire  and  Fault  Tests  from  the  Crew 
Warning  Unit,  it  can  not  detect  real  fire  since 
simulated  heads  are  connected  to  the  CCU. 


2.1.3  Ground  Support  Equipment 

A  simplified  block  diagram  of  the  G.S.E.  is  shown  in 
Figure  2-3.  The  G.S.E.  contains  a  microprocessor 
system  which  controls  all  the  interface  circuitry  to 
perform  tests  on  the  CCU.  It  also  prints  results  of 
all  tests  on  the  printer. 

Since  the  CCU  (System  A)  consists  of  two  microprocessor 
systems,  the  interface  circuitry  of  the  G.S.E.  is 
duplicated  to  enable  most  tests  to  be  performed  in 
parallel.  This  results  in  a  saving  of  approximately 
five  minutes  of  CCU  testing  time.  Since  G.S.E.  is 
common  to  both  system  A  and  system  B,  sufficient 
intelligence  is  built  in  to  G.S.E.  to  recognize  the 
system  under  test  and  perform  tests  accordingly. 

The  interface  circuitry  is  divided  into  two  equal  sides 
which  consist  of: 

(a)  Complete  control  over  CCU  normal  running  and  G.S.E. 
running  mode. 


FIGURE  2-2 


GSE  CONNECTION,  28V  Sl’PPLV 
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TO  AND  FROM  CCU 


FIGURE  2-3  BLOCK  DIAGRAM  OF  GSE 


(b)  Sensor  input. 

(c)  CCU  voltages  and  timing. 

(d)  Sensor  simulation. 

(e)  CCU  battery  support. 

( 1 )  Power  supply . 

There  are  six  tests  performed  by  the  G.S.E.  and  it  may 
use  one  or  more  blocks  of  interface  circuitry  to 
perform  each  of  the  six  tests.  Five  of  these  tests 
contain  several  sub-tests  (e.g.  for  system  A, 

'Functional  Test'  contains  56  sub-tests). 

The  six  tests  are: 

1  -  Read  data  from  CCU. 

2  -  Control  Unit  Tests. 

3  -  U.V.  Head  (Sensor)  Tests. 

4  -  Parametric  Tests. 

5  -  Functional  Teats. 

6  -  Analyze  data  from  CCU. 

The  O.S.E.  can  be  operated  in  either  Auto  or  Manual 
mode.  In  Auto  mode  the  above  tests  are  performed  in 
the  same  sequence  as  they  are  listed  above.  However, 
in  Manual  mode  the  teats  can  be  performed  in  any 
order,  and  any  particular  test  can  be  repeated  as  many 
times  as  desired.  Care  should  be  taken  to  ensure 
Test  1  is  always  completed  first,  otherwise  CCU  data 
is  lost.  Consequently,  data  analysis  test  can  not  be 
performed.  For  this  reason  a  key  switch  is  used  to 
set  the  G.S.E.  in  Auto  mode  when  operated  by  non-skilled 
staff . 


2 . 2  Description  of  Teats 

A  set  of  batteries  housed  in  the  G.S.E.  support  the  RAM 
of  CCU  system  A  when  the  CCU  is  connected  to  the  G.S.E. 
This  is  necessary  because  the  battery  support  for 
system  A  is  housed  in  system  B, 


2.2.1  Data  Read 

By  putting  the  CCU  into  G.S.E.  mode,  the  G.S.E.  issues 
a  command  to  perform  a  CCU  housed  test  which  dumps 
the  RAM  contents  of  CCU  to  G.S.E.  This  test  takes 
approximately  25  seconds  and  Initially  it  is 
performed  on  Side  1.  If  the  CCU  under  test  is 
System  A,  then  the  above  is  repeated  for  Side  2. 


a 


2.2.2 


Control  Unit  Test 


These  are  a  set  of  four  tests  performed  by  CCU  on 
itself  but  initiated  by  G.S.E. 

The  four  tests  are: 

a)  RAM  -  RETENTION  A. 

b)  RAM  -  RETENTION  B. 

c)  COMMON  -  LOG I . 

d)  RAM  TEST  AND  SET. 

The  G.S.E.  initiates  these  tests  to  be  performed  in 
the  above  sequence  and  monitors  the  results.  If 
there  is  one  or  more  failures  then  it  is  printed  on 
the  printer. 


2.2.3  U.V.  -  Head  (Sensor)  Tests 

This  test  determines  the  sensitivity  of  the  U.V. 
heads.  The  U.V.  emitters  associated  with  each  head 
are  fired  simultaneously  for  10  seconds  for  Side  1. 

The  pulses  received  from  each  head  are  counted  and 
printed.  With  this  information  one  of  two  conclusions 
can  be  drawn: 

1)  If  the  pulse  count  is  less  than  100  counts  per 
10  seconds  then  either  the  U.V.  head  has  failed 
and  must  be  replaced,  or  the  emitter  supply  has 
failed. 

2)  If  the  pulse  count  is  greater  than  100  but  less 
than  1000  then  the  U.V.  heads  need  cleaning. 

If  the  CCU  under  test  is  system  A,  then  the  above 
is  repeated  for  Side  2. 


2.2.4  Par ametric  Test 

The  object  of  this  test  is  to  monitor  the  CCU  supply 
i.e.  5v  supply;  320v  Emitter  supply.  Also  the 
15  second  emitter  test  and  Time  Share  (167ms)  times 
are  monitored.  The  results  are  printed. 


2.2.5  Functional  Test 

The  object  of  this  test  is  to  confirm  integrity  of 
CCU  hardware  to  respond  to  Fire  and  Fault  conditions 
simulated  by  the  G.S.E. 
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The  date  received  from  CCU  during  the  first  test 
(i.e.  data  read)  and  the  data  received  during  the 
third  test,  i.e.  U.V.  Head  (Sensor)  tests  is 
analyzed  by  this  program  and  the  results  printed. 


3.0  SYSTEM  METHOD 


The  system  is  described  inder  the  sub-headings  of  Hardware 
and  Software  as  follows: 

3.1  Hardware 

A  simplified  block  diagram  of  hardware  is  shown  in 
Figure  2-3.  For  any  detailed  reference  to  hardware 
see  circuit  diagrams  in  Reference  3*1. 

The  hardware  is  divided  into  seventeen  main  blocks. 

These  are : 

1.  Microprocessor  Card. 

2.  Printer. 

3.  Power  Supply  Side  1. 

4.  Power  Supply  Side  2. 

5.  Power  Supply  to  CCU. 

6.  Battery  support. 

7.  Input /Output  Decode. 

8.  Set  of  Input  Ports. 

9.  Set  of  Output  Porta. 

10.  U.V,  Head  Simulation. 

11.  Head/Drive  Supply  Card  Side  1. 

12.  Head/Drive  Supply  Card  Side  2. 

13.  Head/Drive  Control  Side  1. 

14.  Head/Drive  Control  Side  2. 

15.  Voltages  and  Timing  Monitoring. 

16.  Cableforras. 

17.  25  second  Timer. 


i 
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3.1.1  Microprocessor  Card 

There  were  only  two  options  available. 

1)  Custom  built  microprocessor  card. 

2)  Buy  a  ready-made  microprocessor  card. 

In  both  cases  the  processor  card  must  be  based  on 
the  RCA  1802  central  processor  unit  so  that  it  is 
compatible  with  the  CCU. 

To  save  time  and  money,  it  was  decided  to  take  Option  2. 
The  microprocessor  card  selected  is  GR0430  low  power 
single  board  computer  supplied  by  "The  Golden  River  Co.". 
The  main  features  of  the  microprocessor  card  are: 

10K  PROM /ROM 
2K  RAM 

PROM  programmer  on  board 
Total  current  typically  9mA. 

For  further  details  on  the  microprocessor  card  see 
Appendix  A-l. 


3.1.2  Printer 

The  printer  selected  is  a  Digitec  Model  6410  with 
Option  J,  which  provides  32  characters  per  line  or 
16  characters  per  line  when  selected. 

The  printer  is  manufactured  by  United  Systems  Corpn. , 
U.S.A.  For  further  details  on  the  printer  see 
Appendix  A-2 . 


3.1.3  Cableforms 

References  3-2,  3-3,  3-4  and  3-5  give  all  the  details  to 
manufacture  cables  1  to  4.  Installation  system  wiring  is 
given  in  Reference  3-6. 

The  Amphenol  connectors  were  selected  to  match  those 
used  on  the  CCU. 

The  Cannon  connectors  were  selected  due  to  easier 
delivery . 


The  cables  were  selected  on  the  basis  of  being  able  to 
withstand  worst  operating  conditions  and  yet  produce 
a  flexible  cable  form. 


3.1.4  Power  Supply  Side  1  and  2 


The  G.S.E.  is  required  to  perform  many  similar  functions 
to  the  CCU  and  thus  employs  the  same  power  supply 
circuitry  as  the  CCU.  Also  reference  voltages  of  8V 
and  5V  are  required  to  monitor  the  CCU  voltages. 


3. 1.4.1  Power  Supply  Specification 
Inputs 

115V  -  400  Hz  -  with  a  tolerance  of  +10%  and  -10%. 
18  to  30V  d.c. 

Outputs 

4.5V  to  5.5V  d.c. 

310V  to  340V  d.c. 

320V  d.c.  unregulated. 

8V  d.c.  )  Reference  Voltages  with  tolerances 
5V  d.c.  )  of  +5mV  and  -5mV. 


3. 1.4.2  Power  Supply  Description 

A  single  transformer  is  employed  to  obtain  the  nominal 
5.0V,  320V  and  320V  unregulated  from  115V  400Hz. 

Transient  protection  is  provided  at  the  input  of  the 
transformer  by  four  transorbs  and  a  series  resistor 
capacitor  arrangement. 

The  5V  and  320V  are  regulated  by  a  series  transistor 
method. 

The  28V  input  is  used  to  derive  the  8V  and  5V  reference 
voltages.  The  former  is  derived  by  using  a  LM205 
regulator  and  the  latter  is  derived  by  using  a  LM340T 
5V  regulator. 

The  5  volt  supply  is  used  to  drive  most  of  the  G.S.E. 's 
electronics.  The  320V  supply  drives  the  16  UV 
photocells  via  the  head/drive  circuitry.  The  320V 
unregulated  supply  drives  the  U.V.  emitters  associated 
with  the  photocells.  The  voltage  monitoring  circuitry 
uses  5  and  8V  as  its  reference  points.  The  28v  d.c. 
is  further  used  to  charge  up  the  three  Nickel  Cadmium 
batteries  that  support  the  CCU  RAM. 

For  Side  2,  the  28v  input  and  the  8  and  5V  reference 
voltages  are  common  to  Side  1;  but  a  separate  input 
of  HSv  400Hz  and  associated  electronics  are  required. 


The  flexibility  of  the  G.S.E.  is  increased  by 
incorporating  a  115V  change-over  arrangement  for 
the  printer,  i.e.  the  printer  ie  common  to  both  sides 
and  is  initially  supplied  with  115V  from  Side  1  via  a 
relay  arrangement.  The  relay  control  is  arranged  such 
that  if  the  115V  of  Side  1  failed,  then  the  printer 
will  be  supplied  from  Side  2. 


3.1.5  Power  Supply  to  CCl) 

The  power  supply  to  the  CCU  is  routed  via  the  G.S.E. 

This  is  necessary  for  a  number  of  reasons: 

1)  The  aircraft  cableform  carrying  power  to  CCU  is 
now  connected  to  the  G.S.E.  This  powers  the  G.S.E. 
to  carry  out  tests  on  the  U.V.  heads. 

2)  In  order  to  avoid  corrupting  the  flight  data  it  is 
necessary  to  hold  the  CCU  in  a  power-off  condition. 

3)  In  order  to  perform  certain  tests  it  is  necessary 
to  have  a  complete  control  over  the  CCU. 


Figure  3-1  shows  a  simplified  diagram  of  the  CCU  power 
supply  control.  The  power  supply  to  the  CCU  is  routed 
via  a  set  of  relay  contacts.  The  operation  of  the 
relay  is  controlled  by  the  microprocessor.  Also  the 
reset  line  of  the  CCU  is  controlled  by  another  relay. 

The  28V  is  also  routed  via  the  G.S.E.  but  is  not 
controlled.  This  arrangement  gives  the  G.S.E.  a  complete 
control  of  the  CCU. 


3.1.6  Battery  Support 

If  the  CCU  under  test  is  system  A  then  a  4  volt  battery 
housed  in  the  G.S.E.  is  required  to  support  the  CCU  RAM 
when  the  G.S.E.  is  being  connected  to  the  CCU.  The 
reason  is  that  the  battery  support  for  system  A  is 
normally  housed  in  system  B,  i.e.  under  the  normal 
conditions  system  A  is  battery  supported  by  system  B 
via  the  Aircraft  cableform.  To  make  a  complete  CCU  to 
G.S.E.  connection  it  is  necessary  to  connect  the 
Aircraft  cableform  to  the  G.S.E.,  which  results  in 
the  loss  of  battery  support  provided  by  the  system  B  and 
consequently  the  flight  data.  For  a  correct  G.S.E.  to 
CCU  connection,  see  Appendix  B. 

When  the  G.S.E.  connection  is  complete,  the  result  is 
that  two  sets  of  batteries  are  connected  in  parallel 
supporting  the  CCU  RAM.  The  G.S.E.  battery  is  routed 
to  the  CCU  via  a  normally  closed  relay  contact.  This 
gives  the  G.S.E.  the  facility  to  disconnect  the  G.S.E 
battery  support  and  test  the  CCU  battery  support  sys ...... 
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Figure  3-2  snows  a  simplified  diagram  of  the  G.S.E. 
battery  and  its  condition  monitoring  electronics. 

The  condition  of  the  G.S.E.  battery  is  monitored  by  a 
window  detector.  By  pressing  the  TEST  G.S.E.  battery 
switch  provided  on  the  front  panel,  a  Green  Lamp 
adjacent  to  the  G.S.E.  switch  illuminates  if  the  G.S.E. 
battery  condition  is  satisfactory.  The  window  detector's 
limits  are: 

Lower  Limit  -  3.0V 
Upper  Limit  -  7.0V 


3.1.7  Input/Output  Decode 

The  G.S.E.  requires  six  input  and  five  output  ports. 

To  meet  this  requirement  an  RCA  CDP  1853CD  N-bit 
1  of  8  decoder  is  employed  along  with  6  two  input  NAND 
gates.  One  input  of  the  NAND  gates  is  connected  to  the 
Memory  Read  Line  (URD)  of  the  microprocessor. 

The  input  port  is  enabled  by  providing  a  low  pulse  to 
its  output  disable  pin,  while  the  output  port  is 
enabled  by  providing  a  low  pulse  on  chip-select  one 
(CS1)  and  a  high  pulse  on  chip-select  2  ( CS2 ) 
Simultaneously.  The  state  Of  the  memory  read  line 
decides  whether  an  input  or  output  port  is  selected. 

Figure  3-3  shows  a  simplified  diagram  of  the  I/O  port 
arrangement . 


3.1.8  U.V.  Head  Simulation 

The  G.S.E.  is  required  to  perform  a  functional  test 
on  the  CCU's  U.V.  Head/Drive  circuitry.  In  order  to 
achieve  th:s  requirement  the  U.V.  heads  of  the  CCU  are 
simulated.  Unlike  the  real  U.V.  heads  which  are 
ON  LINE  all  the  time  that  the  CCU  is  powered  on,  the 
simulated  heads  can  be  brought  ON  LINE  or  OFF  LINE  as 
required. 

Figure  3-4  shows  a  simplified  diagram  of  the  U.V. 
head  simulation. 

Eight  sets  of  simulated  heads  are  individually 
controlled  by  the  microprocessor  via  the  output  ports, 
i  For  Side  2  the  above  circuitry  is  duplicated. 


i  6 


FIGURE  3-2  BATTERY  SUPPLY  DIAGRAM 


FIGURE  3-3  I/O  PORT  ARRANGEMENT 


Simulation  i 


* 


TO 

CC 


t 


FIGURE  3-4  U. V.  H 


IKULATIOr 


9 


3.1.9  Head/Drive  Control  and  Supply 

The  CCU's  Head/Drive  control  and  circuitry  is  duplicated 
in  the  G.S.E.  This  is  necessary  in  order  to  test  the 
U.V.  heads.  Figure  3-5  shows  a  simplified  diagram  of 
the  Head/Drive  Control  and  supply  circuit. 

The  control  circuitry  is  driven  by  an  oscillator  of 
2SOKHz.  The  230KHz  is  divided  down  to  give  a  train  of 
pulses  of  period  896  us. 

The  train  of  pulses  is  used  to  interupt  the 
microprocessor  every  832  us  during  U.V.  Head  Test. 

The  circuit  operates  as  follows: 

a)  The  U.V.  Head  Test  is  performed  on  one  side  at  a 
time . 

b)  The  control  circuit  and  the  Head/Drive  circuit 
are  repeated  eight  times  for  each  side. 

c)  The  Heads  are  brought  on  line. 

d)  The  U.V.  emitter  is  enabled. 

e)  The  U.V.  Head  fires  and  generates  a  positive  edge 
pulse. 

f)  The  positive  edge  pulse  enables  the  control  logic 
which  generate  two  separate  pulses.  One  is  of 
duration  of  2ms  and  it  is  used  to  remove  the  320V 
supply  from  the  U.V.  photocell;  the  other  is  of 
duration  1ms  and  it  is  enabled  on  to  the  DATA 
BUS. 

g)  The  U.V.  photocell  is  brought  back  ON  LINE  and  the 
above  (section  e  and  f)  keeps  occurring  until  the 
U.V.  Head  and  emitters  are  disabled. 

For  Side  2  sections  (a)  to  (g)  are  repeated. 
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3.1.10  Voltage  and  Timing  Monitoring 


The  following  CCU  voltage 
monitored  by  the  G.S.E. 

Side  1 

320V  DC 
5.6V  DC 

Emitter  Supply 
15  second  emitter  test 

COMMON  TO  BOTH  SIDES. 


lines  and  timing  pulses  are 


Side  2 

320V  DC 
5.6V  DC 

Emitter  Supply 
15  second  emitter  test 
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FIGURE  3-5  HEAD/ DRIVE  CONTROL  AND  SUPPLY  CIRCUIT 
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The  voltages  are  monitored  for  lower  aud  upper  limit  by 
the  use  of  window  detectors,  the  outputs  of  which  are 
connected  to  a  set  of  input  ports.  The  check  points 
one  to  four  lines  are  of  28V  DC.  Figure  3-d  shows 
a  simplified  diagram  of  check  points  monitoring. 

The  28V  is  potted  down  to  5.6V  and  connected  to  5V 
regulated  supply  via  a  diode.  Also  the  5.6V  is 
connected  to  the  input  ports  via  Schmitt  inverter 
buffers. 

The  G.S.E.  uses  the  system  configuration  (5.6V)  line  to 
determine  whether  it  is  testing  system  A  or  system  B. 

The  system  configuration  line  is  0  Red  with  5.6V  Side  2 
and  connected  to  an  input  port.  The  0  Red  arrangement 
is  desired  because  for  system  A  the  system  configuration 
line  is  HIGH  and  for  system  B  it  is  open  circuit.  Further 
there  is  no  5.6V  side  2  in  system  B.  The  G.S.E. 
detection  of  system  configuration  is  configured  such  that 
any  one  or  both  lines  HIGH  constitutes  system  A  and  if 
none  are  HIGH  then  system  B.  This  type  of  arrangement 
was  necessary  due  to  the  independent  power  supplies 
of  the  CCU. 


3.1.11  25  Second  Timer 

Figure  3-7  shows  the  simplified  diagram  of  the 
25  second  timer. 

The  timer  is  built  of  a  single  556  dual  monostable 
integrated  circuit  plus  timing  capacitors  and 
resistors.  It  is  arranged  such  that,  normally  the 
output  is  held  HIGH.  When  the  control  logic  triggers 
the  timer,  a  negative  going  pulse  of  duration 
10  millisecond  is  produced.  This  negative  going  pulse 
is  used  to  reset  the  microprocessor  program  to 
3tart  from  location  0000. 


3 . 2  Software 
3.2.1  Over  View 

Figure  3-8  shows  a  simplified  flow  diagram  of  the 
G.S.E.  software.  The  flow  diagram  is  designed  to 


FIGURE  3-6  CHECK  POINTS  MONITORING  DIAGRAM 
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FIGURE  3-7  23  SECOND  TIMER  DIAGRAM 
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FIGURE  3-8  GSE  SOFTWARE  FLOW  DIAGRAM 


perform  tests  on  the  CCU  in  a  pre-determined  sequence. 

The  sequence  Is: 

a)  Since  most  of  the  tests  will  corrupt  the  RAM  of 
the  CCU,  it  is  necessary  for  the  G.S.E.  to  perform 
the  Read  CCU  test  first,  (i.e.  Retrieve  the 
flight  data  from  the  CCU  RAM). 

b)  If  there  is  a  failure  in  the  CCU  during  the  CCU 
TESTS,  SENSOR  TESTS  or  PARAMETRIC  TEST  then  the 
FUNCTIONAL  TESTS  and  the  DATA  ANALYSIS  TEST  shall 
be  aborted.  Also  any  failure  in  the  PARAMETRIC 
TEST  aborts  the  whole  range  of  tests.  This 
leaves  either  the  CCU  TESTS  or  the  SENSOR  TESTS 
to  be  performed  after  the  READ  CCU  tests. 

c)  Flight  Data  retrieved  during  the  READ  CCU  test 
is  useful  only  if  there  is  no  fault  in  the  CCU. 

The  FUNCTIONAL  TEST,  tests  out  the  CCU’s  ability 
to  respond  to  FIRE  and  FAULT  conditions  and  thus 
needs  to  be  performed  before  the  DATA  ANALYSIS. 

There  are  two  other  tests: 

1.  To  determine  whether  or  not  the  G.S.E.  can 
communicate  with  the  CCU.  This  test  is  always 
performed  before  tests  (a)  to  (f). 

2.  To  simulate  the  Heads  and  Emitter  Test  during 
normal  operation  of  CCU. 

3.  To  simulate  the  Heads  and  Emitter  responses  to 
the  FIRE  TEST  and  FAULT  TEST  switches  when 
CABLE  4  is  used. 


3.2.2  The  Microprocessor  Card  Utilization 

The  microprocessor  card  is  a  self-contained  low  power 
single  board  computer  with  its  own  utility  program. 

The  G.S.E.  program  is  housed  in  four  2K  by  8  bit  U.V. 
PROMS  (2716).  The  G.S.E.  program  is  located  at 
OOOO  to  2000. 

The  utility  program  is  located  at  8000  to  83FF.  The 
microprocessor  card  also  has  2K  RAM  located  at  4000 
to  8000. 

The  G.3.E.  program  utilizes  some  of  the  subroutines 
from  the  utility  program  (teletype  input  and  print 
subroutines)  and  it  also  uses  the  microprocessor  cards 
RAM  as  a  rough  working  area,  e.g.  The  FLIGHT  DATA 
retrieved  is  stored  at  this  RAM. 
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The  microprocessor  card  can  RUN  programs  in  two  main 
modes ,  i . e . 

1.  Utility  Mode. 

2.  Program  Mode. 

To  RUN  in  Utility  Mode  the  RUN  line  must  be  taken  to 
ground  momentarily.  This  forces  the  microprocessor  to 
start  RUNNING  from  location  8000. 

To  RUN  in  the  Program  Mode  the  RUN  line  must  be  taken 
to  ground  momentarily.  This  forces  the  microprocessor 
to  RUN  from  location  0000. 

NOTE 


When  the  microprocessor  card  is  in  the  program  mode, 
the  program  can  be  arranged  to  jump  into  the  UTILITY 
mode  but  the  reverse  is  not  possible. 

For  further  details  on  the  microprocessor  card,  see 
Appendix  A-l. 


3.2.3  Note  on  the  Start  Up  Condition 

At  POWER  ON,  the  G.S.E.  has  the  following  conditions: 

1.  No  power  is  applied  to  CCU. 

2.  CCU  reset  line  held  LOW. 

3.  The  EF3  flag  of  the  Central  Processor  Unit  is 
held  LOW. 

The  G.S.E.  program  starts  by  disabling  the  INTERRUPT 
line;  sets  up  the  various  registers  of  the  CPU; 
activates  the  appropriate  hardware  to  apply  power  to 
CCU;  and  releases  the  CCU  reset  line.  Next  the 
program  examines  the  position  of  the  G.S.E.  IN/OUT 
switch.  If  the  G.S.E.  IN/OUT  switch  is  at  position  OUT, 
then  the  program  branches  to  perform  the  simulation 
of  Heads  and  Emitter  Test.  This  simulation  also 
responds  to  the  FIRE  TEST  and  FAULT  TEST  switches  when 
CABLE  4  is  used.  If  the  G.S.E.  IN/OUT  switch  is  at 
position  IN,  then  the  program  looks  for  the  state  of  the 
EF3  flag.  (i.e.  HIGH  or  LOW).  The  state  of  the  EF3 
flag  is  monitored  because  it  allows  the  program  to 
decide  whether  or  not  it  has  retrieved  the  FLIGHT  DATA 
SIDE  1  (Note:  for  System  A,  there  are  two  independent 
sides).  This  Hardware/Sof tware  arrangement  of  the 
G.S.E.  is  necessary  because: 

1.  The  CCU  transmits  the  data  serially  l.e.  in  the 
same  format  as  a  teletype. 
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2.  Io  order  to  receive  correctly  the  data  transmitted 
by  the  CCU,  the  G.S.E.  program  jumps  to  the  UTILITY 
program  of  the  microprocessor  card. 

3.  After  all  the  data  has  been  received  by  the  G.S.E, 

the  microprocessor  card  waits  for  further  instructions 
which  are  not  forthcoming.  To  escape  from  this 
UTILITY  program  condition,  the  RUNP  line  must  be 
enabled,  i.e.  it  must  be  taken  to  ground  momentarily. 
This  has  the  effect  of  starting  the  G.S.E.  program 
from  the  beginning  again.  Hence,  before  DATA  SIDE  1 
is  retrieved,  the  state  of  the  EF3  flag  is  changed  to 
HIGH.  Consequently,  when  the  program  starts  from  the 
beginning,  the  second  time,  it  is  forced  to  branch  to 
another  part  of  the  program.  i.e.  If  it  is  System  A, 
then  retrieve  DATA  SIDE  2  or  if  it  is  System  B  then 
continue  with  the  remaining  tests.  When  DATA  SIDE  2 
has  been  retrieved,  the  program  is  forced  to  start  from 
the  beginning  again  and  it  proceeds  to  perform  the 
remaining  tests. 

The  remaining  tests  can  be  performed  in  AUTO  or 
MANUAL  mode.  However,  trained  personnel  can  perform 

.  the  tests  in  a  different  sequence  when  the  G.S.E. 

is  operated  in  MANUAL  mode. 


3.2.4  Tests  Description 

3.2.4. 1  Simulate  Heads  and  Emitter  Response  Time 

This  routine  detects  the  type  of  system  under  test 
(e.g.  System  A  or  System  B).  The  operation  of  this 
routine  is  sychronized  with  the  CCU,  i.e.  at  power 
ON  the  CCU  performs  an  Emitter  Test  by  firing  its 
emitters  and  looking  at  the  response  from  the  U.V. 
heads . 

NOTE 

If  the  CCU  under  test  is  System  A  then  the  Emitter 
Test  is  always  performed  on  SIDE  2  first. 

The  architecture  of  this  routine  is: 


1.  It  waits  until  fhe  CCU's  emitter  line  side  2  is 
HIGH. 

2.  It  fires  all  heads  on  Side  2,  i.e.  simulating 
the  Heads. 

3.  It  waits  until  the  CCU's  emitter  line  side  2 
is  LOW. 
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4.  It  resets  the  simulated  Heads. 

5.  It  waits  until  the  CCU's  emitter  line  side  1  is 
HIGH. 

6.  It  fires  all  Heads  on  Side  1,  i.e.  simulating 
the  Heads. 

7.  It  waits  until  the  CCU's  emitter  line  Side  1 
is  LOW. 

8.  It  resets  the  simulated  Heads. 

9.  It  branches  back  to  the  beginning. 


If  system  B  is  under  test  then  it  ships  all  operations 
regarding  Side  2. 

This  routine  is  also  used  to  test  the  CCU  to  respond 
to  the  FIRE  test  initiated  by  depressing  the  FIRE  TEST 
switch  on  the  Crew  Warning  Unit.  When  the  FIRE  TEST 
switch  is  pressed,  the  CCU  fires  all  emitters.  The 
routine  detects  this  and  fires  all  Heads  simulating 
all  Heads  until  the  FIRE  TEST  switch  is  released. 
Consequently,  the  CCU  resets  its  emitter  line  to  LOW. 
The  overall  result  is  that  the  CCU  responds  with  a 
FIRE  CONDITION  displayed  on  the  CWU.  In  order  to  get 
out  of  this  routine;  it  is  necessary  to  set  the  G.S.E. 
IN/OUT  switch  to  'IN'  and  start  the  program  again  from 
location  OOOO,  i.e.  take  the  RUNP  line  to  ground 
momentarily.  For  full  details  on  this  routine  see 
Appendix  A- 3. 


3. 2. 4. 2  To  determine  whether  the  G.S.E.  can  communicate 
with  the  CCU _ _ _ _ 

The  flow  diagram  is  shown  in  Appendix  A*4  and  it 
is  referred  to  as  a  block  labelled  PART  I  in 
Figure  3- 8 . 

The  object  of  this  part  of  the  program  is  as  follows: 

3 . 2 . 4 . 2 . 1  Init ialice 

"POWER  ON"  condition  of  the  CCU. 

HOLD  CCU  in  Reset  Mode,  etc. 

3 . 2 . 4 . 2 . 2  Print  operating  message 
"GD/GRAVINER  DFDS  AUTO  ROUTINE". 

3.2. 4.2. 3  Test  position  of  G.S.E.  IN/OUT  switch. 
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3. 2. 4. 2. 4  If  G.S.E.  IN/OUT  switch  is  at  position 
'OUT'  then  the  CCU  is  in  normal  mode  and  the  G.S.E. 
program  must  branch  to  perform  the  "simulate  Heads  and 
Emitter  response  test"  routine  (see  Section 

3. 2. 4.1). 

3. 2. 4. 2. 5  If  the  G.S.E.  IN/OUT  switch  is  at  position 
'IN'  then  it  must  proceed  to  test  the  status  of  the  EF3 
flag . 

3. 2. 4. 2. 6  If  the  status  of  EF3  is  LOW  then  branch  to 
Read  data  from  CCU  test  otherwise  proceed  to  determine 
whether  or  not  the  G.S.E.  can  communicate  with  the  CCU. 

The  object  of  this  part  of  the  program  is: 

a)  To  determine  whether  the  CABLE  FORMS  (one  of 
three)  are  connected  properly  between  CCU  and 
the  G.S.E.,  i.e.  the  G.S.E.  can  communicate 
with  the  CCU. 

b)  To  determine  and  print  SYSTEM  CONFIGURATION, 

i.e.  SYSTEM  A  or  SYSTEM  B. 

c)  For  SYSTEM  A  a  PASS  status  will  allow  the 
G.S.E.  PGM  to  proceed  to  PART  2,  i.e.  the 
communication  path  is  confirmed.  A  FAILURE 
status  will  print  the  following  message: 

"NO  G.S.E.  -  CCU  PATH. 

CHECK  CABLE  1  OR 
REPLACE  CCU" 


NOTE 

During  this  condition,  three  faults  are  possible: 

1.  CCU  Faulty. 

2.  Cableforms  not  connected  properly. 

3.  Cableforms  faulty. 

It  is  recommended  that  in  the  event  of  the  above 
failure,  the  Cableforms  be  checked  (pin  to  pin 
connection).  Reconnect  the  G.S.E.  to  CCU 
connections  and  repeat  the  test.  If  the  failure 
condition  still  exists,  and  the  cableforms  were 
found  to  be  correct  then,  the  CCU  must  be 
assumed  FAULTY.  Hence  the  CCU  must  be  sent  to 
GRAVINER  LIMITED  for  detailed  analysis. 

d)  For  SYSTEM  A,  four  PASS/FAIL  status  conditions 
are  possible: 


1. 

SIDE 

1 

%  2  PASS. 

2. 

SIDE 

1 

fc  2  FAIL. 

3. 

SIDE 

1 

PASS,  SIDE 

2  FAIL 

4. 

SIDE 

1 

FAIL,  SIDE 

2  PASS 
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Occurrence  of  Condition  '1*  will  allow  the  program 
to  proceed  to  the  remaining  tests. 

Occurrence  of  Condition  '2*  will  not  allow  the 
program  to  proceed  to  the  remaining  tests. 

It  will  also  print  the  same  failure  message  as  in 
Section  3.2.4.2.6(c). 

Occurrence  of  Condition  ’3  §■  4'  will  not  allow  the 
program  to  proceed  to  the  remaining  tests  if  the  G.S.E. 
is  in  AUTO  mode,  but  it  will  allow  the  program  to  proceed 
to  the  remaining  tests  if  the  G.S.E.  is  in  MANUAL  mode. 
Also  it  will  print  the  followinc  messages: 

SIDE  1  PASS  ) 

SIDE  2  FAIL  ) 

OR 

SIDE  1  FAIL  ) 

SIDE  2  PASS  ) 

along  with  the  failure  message  as  in  Section 
3.2.4.2.6(c). 

This  part  of  the  program  is  implemented  by  issuing 
conditions  to  the  CCU  to  perform  an  IDLE  ROUTINE. 

The  IDLE  ROUTINE  is  housed  in  the  CCU  software  and 
when  enabled,  it  sets  the  G.S.E.  1  and  G.S.E.  2 
lines  of  the  CCU  to  HIGH. 

These  G.S.E.  lines  are  monitored  by  the  G.S.E. 
program  (for  both  sides  if  System  A)  and 
consequently  the  above  decisions  are  made. 

For  full  details  on  this  part  of  the  program  see 
Appendix  A-4. 

3 . 2 . 4 . 3  Read  DATA  from  CCU 

The  object  of  this  part  of  the  program  is  to  retrieve 
the  FLIGHT  DATA  stored  in  the  CCU  RAM.  Refer  to 
Figure  3-8  (the  dotted  path  1)  of  the  program  is 
already  described  in  Section  3. 2. 4.1.  and  3. 2. 4. 2. 

The  hardware  is  arranged  such  that  the  program  is 
forced  to  follow  (the  dotted  path  2),  i.e. 
to  retrieve  DATA  SIDE  1.  The  data  is  retrieved  by 


issuing  the  appropriate  command  to  the  CCU,  to 
perform  its  'SEND  DATA  OUT'  routine.  This  is 
implemented  in  the  following  order: 

1.  Initialize  the  following: 

a)  Memory  code  to  LOW,  i.e.  store  00  at  location  4000. 

b)  Set  EF3  flag  to  LOW. 

2.  Determine  the  type  of  system  under  test,  i.e. 

System  A  or  System  B. 

3.  If  the  CCU  is  System  A  then  set  memory  code  to 
HIGH  and  proceed  to  5. 

4.  If  the  CCU  is  System  B  then  proceed  to  5. 


a)  Issue  commands  to  the  CCU  Side  1  to  perform  its 
'Send  Data  Out'  routine. 

b)  Release  the  reset  line  of  the  CCU. 

c)  Start  the  25  second  timer.  (See  note  below). 

d)  Jump  to  UTILITY  program  of  the  microprocessor 
card. 

NOTE 

As  explained  in  Section  3.2.3.,  that  in  order  to 
retrieve  the  data,  the  G.S.E.  program  must  jump  to 
the  UTILITY  program  of  the  microprocessor  card  and 
in  order  to  get  out  of  the  UTILITY,  the  RUNP  line 
of  the  microprocessor  card  must  be  taken  to  ground 
momentarily.  This  is  achieved  by  the  25  second 
timer,  i.e.  it  takes  approximately  23  seconds  for 
the  data  transfer  and  2  seconds  later,  the  timer 
applies  a  short  negative  going  pulse  to  the  RUNP 
line  of  the  microprocessor  card. 

6.  Having  retrieved  data  SIDE  1  the  program  starts 
from  the  beginning  again  and  this  time  it 
follows  (the  dotted  path  3). 

7.  If  *.  i  CCU  is  type  'B'  then  the  program 
proceeds  to  the  remaining  tests. 


8.  If  the  CCU  is  type  A  then  the  program  performs 
the  following: 

&)  Set  memory  code  to  LOW,  i.e.  store  00  at  location 
4000. 

b)  Shift  DATA  from  Side  1  to  locations  4500-45FF. 
(see  note  below). 

c)  Issue  command  to  the  CCU's  Side  2  to  perform  its 
'Send  Data  Out*  routine. 

d)  Repeat  as  for  Side  1  above. 

9.  Having  retrieved  the  data  from  Side  2  the 
program  starts  from  the  beginning  again  and 
follows  (the  dotted  path  4). 

MOTE 

The  memory  code  is  used  to  enable  the  program  to 

determine : 

(i)  That  it  has  retrieved  data  from  Side  1  and 
the  system  under  test  is  of  Type  B  and  thus 
proceed  to  the  remaining  tests. 

(ii)  That  it  has  retrieved  data  from  Side  1  and 
the  system  under  test  is  of  Type  A  and 
consequently  it  must  retrieve  data  from 
Side  2. 

( iii)  That  it  has  retrieved  data  from  both  sides 
and  thus  proceed  to  the  remaining  tests. 

For  full  details  on  this  program  see  Appendix  A-4. 


3. 2. 4. 4  The  CCU  Tests 

The  CCU  tests  are  a  group  of  four  tests  housed  in 
the  CCU  software.  They  are  enabled  one  at  a  time. 
The  tests  are: 


(i) 

RALi 

Retent  ion 

(ID 

RAM 

Retention 

(iii) 

Common  Logic. 
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NOTE 


For  System  A,  both  sides  must  see  a  FIRE  condition 
before  it  Is  displayed  on  the  CWU. 

Hence,  this  condition  is  ' AND'ed  in  the  Common  Logic 
of  the  CCU  and  the  results  displayed. 

(iv)  RAM  Test  and  Set. 

The  object  of  these  tests  is  to  confirm  the  integrity 
of  the  CCU  RAM  and  the  Common  Logic  part  of  the  CCU. 

The  tests  are  performed  in  the  numerical  order  above. 

Further,  if  there  is  a  future  condition.  It  is 
recorded  at  a  pre-determined  area  of  the  RAM  (i.e. 
in  this  case  at  locations  4003  to  4013).  After  each 
condition  is  tested,  the  PASS/FAIL  record  register 
is  incremented  by  one.  Tests  (i),  (ii)  and  (iv)  are 
performed  simultaneously  on  both  sides  and  test  (iii) 
is  performed  on  Side  1,  and  then  on  Side  2.  At  the 
end  of  these  tests  the  PASS/FAIL  status  is  printed 
in  coded  format,  i.e.  a  row  of  zeros  is  printed  if 
all  tests  were  correct.  If  there  were  a  failure  then 
a  'one'  will  be  Drinted  in  the  corresponding  position. 
Appendix  A-5  gives  a  full  list  of  messages 
corresponding  to  the  failures  in  the  CCU. 

Further  details  of  the  four  tests  are  now  given. 

( i )  RAM  Retention  A 

The  G.S.E.  program  sets  up  the  conditions  for 
the  CCU  to  perform  this  routine.  The  object 
of  this  routine  is  to  load  hexadecimal  numbers 
in  to  the  CCU  RAM.  The  numbers  start  at  1)  and 
finish  at  FF,  since  the  size  of  the  CCU  RAM 
is  256  bytes.  ( FF  hexadecimal  »  258  memory 
bytes).  The  numbers  are  located  in  the 
incrementing  manner. 

When  all  the  numbers  have  been  loaded  the  CCU 
raises  a  G.S.E.  flag.  The  G.S.E.  program  waits 
for  four  seconds  to  detect  this  flag  and  proceeds 
to  the  next  program. 

( ii )  RAM  Retention  B 


RAM  retention  A  &  B  are  essentially  one 
program.  The  first  one  sets  up  a  pattern  of 
numbers  and  the  second  checks  that  pattern 
after  the  power  supply  to  the  CCU  was  switched 
'OFF*  for  five  seconds. 
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( ili ) 


(iv) 


Hence  the  G.S.E,  program  disables  the  power 
supply  of  the  CCU  for  five  seconds.  Also  th<. 
conditions  are  set  to  perform  the  RAH 
Retention  B.  It  then  waits  for  four  seconds 
to  detect  the  RAH  Retention  B  completion  flag 
and  then  proceeds  to  the  next  program. 

Common  Logic 

Before  this  test  is  performed,  it  is  necessary 
to  confirm  that  the  CCU  is  able  to  respond  to 
FIRE  and  FAULT  conditions.  This  is  necessary 
since  the  Common  Logic  routine  assumes  that  a 
fire  or  fault  condition  will  be  transmitted. 
Thus  the  G.S.E.  puts  the  CCU  in  Normal  mode 
and  simulates  the  U.V.  Heads  in  firing  mode. 

It  waits  for  six  seconds  and  then  checks 
whether  or  not  the  CCU  is  in  FIRE  condition. 

If  the  CCU  fails  to  respond  with  a  FIRE 
condition  then  the  G.S.E.  aborts  the  Common 
Logic  test.  Otherwise  it  creates  a  FAULT 
condition  by  failing  the  CCU  by  not  simulating 
the  U.V.  Heads  in  firing  mode  during  the  CCU's 
first  emitter  test.  If  the  CCU  fails  to 
respond  with  a  FAULT  condition,  then  the  G.S.E. 
determines  whether  the  CCU  under  test  is  type 
A  or  B.  If  it  is  type  B  then  the  Common  Logic 
test  is  skipped. 

The  G.S.E.  sets  up  the  conditions  for  the 
Common  Logic  routine  to  be  performed  on  one 
side  at  a  time.  Side  1  is  performed  first. 

The  programs  wait  for  results  for  about  six 
seconds  and  then  proceed  to  the  next  routine. 

RAM  Test  and  Set 


The  object  of  this  routine  is  to  see  whether 
all  the  CCU's  RAM  locations  are  functional. 

It  does  so  by  loading  and  checking  two  sets  of 
patterns  and  in  the  end  it  sets  all  memory 
locations  to  zeros.  Again  the  G.S.E.  sets  up 
the  conditions  for  this  routine  to  be 
executed;  waits  four  seconds  for  the  result 
tnen  proceeds  to  the  last  part  of  'The  CCU 
Tests'  program. 
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3.2.4. 4.1  CCU  Teat  Sunriar 


The  purpose  of  the  RAM  retention  A  and  B  is  to 
confirm  the  CCU's  Battery  support,  i.e.  its  ability 
to  retain  the  FLIGHT  DATA  when  the  CCU  is  ' POWERED 
OFF'.  Should  a  failure  occur  then  a  'CCU  BATTERY 
LOW'  message  is  printed  as  well  as  a  'One'  in  the 
row  of  zeros  displaying  where  the  failure  occurred. 

During  the  Common  Logic  test ,  three  possible 
faults  occur. 

1.  Inhibit  Fail. 

2.  Fault  Fail. 

3.  Fire  Fail. 

Each  of  these  faults  refer  to  certain  parts  of  the 
CCU  hardware.  A  skilled  person  with  sufficient 
knowledge  of  CCU  hardware  can  pinpoint  the  position 
of  the  fault. 

The  RAM  test  and  Set  confirms  the  integrity  of  the 
CCU  RAM  and  then  sets  it  to  zero. 

At  the  end,  the  PASS/FAIL  codes  are  printed.  They 
are  also  scanned  for  any  failure  condition. 

If  the  G.S.E.  is  in  AUTO  mode  and  a  failure  condition 
exists,  then  a  flag  is  set  up.  If  the  G.S.E.  is  in 
MANUAL  mode  with  a  failure  condition,  no  flag  is 
set  up.  This  flag  is  used  Just  before  the 
Functional  Test  tc  determine  whether  or  not  'The 
Functional  Test'  and  'Analyze  Data  Test'  should  be 
performed. 

For  full  details  on  these  tests  see  Appendix  A-5,  A-0, 
and  A- 7. 

3. 2. 4. 5  Sensor  Test 
The  object  of  this  is  to  determine : 

1.  The  sensitivity  of  the  U.V.  Head  (i.e.  the 
photocell ) . 

2.  That  the  U.V.  Head  and  the  connecting  wires  are 
correct  and  functional.  This  is  achieved  by 
duplicating  the  U.V.  Head/Drive  circuitry  in  the 
G.S.E.  and  by  connecting  the  U.V.  Heads  to  the 
G.S.E.,  i.e.  the  G.S.E.  has  complete  control  over 
the  U.V.  Head  and  Emitter  supplies. 


This  routine  switches  the  U.V.  emitters  'ON'  and 
counts  the  number  of  pulses  received  from  the  U.V. 
photocells  for  a  period  of  ten  seconds.  For  System  A 
each  U.V.  Head  consists  of  two  photocells  and  two 
emitters.  One  photocell  and  one  emitter  refer  to 
Side  1  of  the  CCU  and  the  others  to  Side  2.  Further, 
a  maximum  of  8  U.V.  Heads  can  be  connected  to  the  CCU. 
However,  the  current  CCU's  are  configured  to  use  only 
five  U.V.  Heads.  This  means  that  sufficient 
intelligence  must  be  built  into  the  Sensor  Test  such 
that  it  ooiy  prints  the  results  of  the  U.V.  Heads  that 
exist . 

This  is  implemented  as  follows: 

1.  Initialize  Registers,  i,e.  clear  registers  which 
will  hold  the  pulse  count;  set  up  the  address  of 
the  Interrupt  subroutine. 

2.  Enable  Interrupt,  fire  the  Emitters  Side  1  and 
Jump  to  SELF  LOOP. 

3.  The  Hardware  Interrupt  occurs  every  832  microseconds 
and  the  G.S.E.  program  jumps  to  the  Interrupt 
subroutine.  (See  Section  3.2.4.S.I.  for  the 
Interrupt  routine). 

4.  The  program  jumps  out  of  the  Interrupt  subroutine 
and  returns  back  to  the  SELF  LOOP. 

5.  Procedures  3  ft  4  are  repeated  for  ten  seconds 
whence  the  program  Jumps  to  Part  2  of  the  Sensor 
Test . 

6.  The  emitters  are  switched  'OFF'. 

7.  A  decision  is  made  whether  the  counted  pulses  refer 
to  SIDE  1  or  SIDE  2. 

8.  It  is  determined  whether  the  first  head  exists  or 
not.  If  it  exists  then  the  counted  pulses  are 
converted  to  decimal  numbers  and  printed.  This 
operation  is  repeated  for  all  the  8  U.V.  Heads. 

9.  If  the  system  under  test  is  type  A  then 
re-initialize  the  registers.  Fire  emitters  SIDE  2; 
enable  the  Interrupt  and  Jump  to  SELF  LOOP  2. 

10.  Operations  3  to  3  are  repeated. 

11.  If  the  G.S.E.  is  in  AUTO  mode  then  proceed  to  the 
next  test  otherwise  branch  to  the  Manual  Loop. 
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For  details  on  this  test  see  Appendix  A-S  . 

3 . 2 . 4 . 5 . 1  BCD  to  Decimal  Conversion 


The  object  of  this  subroutine  is  to  convert  the 
number  of  pulses  counted/10  seconds  in  Binary 
Decimal  Code  to  Decimal  Numbers.  It  is  capable  of 
converting  a  full  1€  bit  number,  i.e.  a  max  hex 
number  of  magnitude  FFFF.  This  subroutine  is 
implemented  as  follows: 

1.  Store  tho  hex  number  to  be  converted  in  a  16 
bit  register  (i.e.  R3). 

2.  Clear  and  arbitrarily  assign  the  decade  order 
to  5  RAM  locations  where  the  converted  number 
is  to  be  held,  as  follows: 

RAM  location  Assigned  decade  value 

4030  Ten  Thousands 

4031  Thousands 

4032  Hundreds 

4031  Tens 

4030  Units 

3.  Read  the  least  significant  HEX  digit,  i.e.  the 
least  four  bits. 

4.  Since  rae  least  HEX  digit  has  a  weighting  of 
'one';  test  it  for  < ,  •St  >10.  If  it  is  less 
than  10  add  It  to  the  UNIT  decade,  i.e. 10°. 

If  it  is  equal  to  10  then  add  one  to  the 
TENS  decade : 

(i.e.  101) 

If  it  is  greater  than  10  then  add  one  to  the 
TENS  decade,  subtract  10  from  the  tested  value 
and  add  the  remainder  to  the  UNIT  decade. 

5.  Read  the  second  least  HEX  digit.  This  has  a 
decimal  weighting  of  16. 

6.  Test  it  for  zero. 

6.1  If  equal  to  zero  then  do  Step  7. 

6.2  If  greater  than  zero  then  add  1  to  the  TENS 
decade  and  6  to  the  unit  decade. 


6.2.1  Test  both  Unit  and  Tens  decade  for  overflow 
i.e.  Test  Unit  Decade  for  «  or  >  10.  If  it 
is  equal  to  10  then  subtract  10  from  the  unit 
decade  and  add  1  to  the  Tens  decade.  If  it 
is  greater  than  10  then  subtract  10  from  the 
Unit  decade  and  add  1  to  the  Tens  decade. 
Having  tested  the  Unit  decade,  test  the  Tens 
decade  applying  the  same  analogy. 

6.3  Decrement  the  read  value  and  test  it  for  zero. 

6.4  Repeat  Steps  6.1  to  6.4. 

7.  Read  the  third  least  HEX  digit.  This  has  a 
decimal  weighting  of  254. 

8.  Test  it  for  zero. 

8.1  If  equal  to  zero  then  do  Step  9. 

8.2  If  greater  than  zero  then  add  2  to  the 
Hundreds  decade;  5  to  the  Tens  decade  and  6  to 
the  Unit  decade. 

8.2.1  Test  the  Units,  Tens,  Hundreds  and  Thousands 
decade  for  overflow.  Same  analogy  as  in 
Para.  6.2.1.  is  applied. 

8.3  Decrement  the  read  value. 

8.4  Repeat  Steps  7  to  8.4. 

9.  Read  the  most  significant  HEX  digit.  This  has 
a  decimal  weighting  of  4096. 

10.  Test  it  for  zero. 

10.1  If  equal  to  zero  then  do  Step  11. 

10.2  If  greater  than  zero  then  add  4  to  the 
Thousands  decade,  9  to  the  Tens  decade  and  6  to 
the  Units  decade. 

10.2.1  Test  the  Units,  Tens,  Hundreds,  Thousands  and 
Ten  Thousands  decade  for  overflow. 

10.3  Decrement  the  read  value. 

10.4  Repeat  Steps  9  to  10.4. 

11.  Print  the  converted  nvimber. 

Subroutines  are  written  for  the  Units,  Tens, 

Hundreds  and  Thousands  decade  overflow  tests. 
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Figure  3"9  shows  a  flow  diagram  for  the  BCD 
subroutine.  Appendix  A- 7  gives  assembly  listing  as 
part  of  the  Sensor  test.  This  subroutine  is  also 
used  by  the  Data  Analysis  Test. 


3. 2. 4. 5. 2  The  Interrupt  Subroutine 

The  object  of  this  routine  is  to  count  the  number 
of  pulses  for  8  photocells  in  parallel  for  a  period 
of  10  seconds.  Further  it  must  be  able  to 
distinguish  that  for  a  particular  photocell;  for 
the  occurrence  of  two  consecutive  pulses  only  one  is 
stored ,  i .e .  : 

Pulses  arrived  101110  )  Photocell  1 

Pulses  stored  101010  ) 

The  above  process  is  repeated  for  all  8  photocells. 
If  the  ten  seconds  are  not  up  then,  the  exit  from 
this  routine  is  to  either  SELF  LOOP  1  or  SELF  LOOP  2 
otherwise  the  exit  is  to  part  2  of  the  Sensor 
Test . 

This  routine  is  implemented  as  follows: 

1.  Initialize, 

2.  Read  all  8  photocells  (i.e.  Have  any  one  or 
all  of  them  fired) , 

3.  Determine  if  a  pulse  occurred  immediately 
before  the  current  read  cycle  and  apply  the 
above  logic  two  consecutive  pulses. 

4.  If  a  valid  pulse  exists  for  any  of  the 

8  photocells  then  increment  the  corresponding 
photocell  pulse  counter. 

5.  If  10  seconds  are  up  then  branch  to  PART  2  of 
the  Sensor  Test  otherwise  branch  to  either 
SELF  LOOP  1  or  SELF  LOOP  2. 

For  full  details  on  this  routine  see  Appendix  A- 8. 


3. 2. 4. 6  Parametric  Test 

The  object  of  this  test  is  to  confirm  that  the 
integrity  of  the  CCU's  power  supply  rails,  i.e.  320V, 
5.0V  and  the  emitter  supply.  Further  it  confirms 
the  15  second  emitter  test. 
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The  power  supply  monitoring  is  implemented  by  a  set 
of  window  comparators.  When  the  supply  rails  of 
the  CCU  go  below  or  above  their  predetermined  values 
(See  Section  3.1.4)  then  a  flag  is  raised.  The 
Parametric  Test  detects  this  flag  and  prints  the 
appropriate  message.  See  Appendix  A- 3  for  a  whole  list 
of  messages. 

As  always,  sufficient  intelligence  is  built  into  this 
test  so  that  both  types  of  CCU's  can  be  tested 
efficiently.  If  any  failure  is  encountered  during 
the  power  supply  monitoring  and  if  the  G.S.E.  is  in 
AUTO  mode  then  the  remaining  tests  are  aborted. 

However,  if  the  G.S.E.  is  in  the  MANUAL  mode  then  this 
test  branches  to  the  MANUAL  loop. 

The  second  part  of  this  test  is  to  confirm  the 
integrity  of  the  15  second  emitter  test.  The  CCU 
energizes  its  emitters  for  one  Time  share  period  every 
15  seconds  and  it  looks  for  positive  response  from 
the  U.V.  Heads.  If  there  is  no  response  then  the  CCU 
reconfigures  such  that  the  offending  U.V.  Head  is 
switched  off  line.  If  sufficient  number  of  U.V.  Heads 
fail  then  the  CCU  issues  a  FAULT  condition. 

The  emitter  test  puts  the  CCU  in  Normal  mode  and 
observes  for  the  emitter  line  to  go  HIGH.  If  it 
does  not  go  HIGH  within  six  seconds,  then  it  issues 
an  error  message  (See  sample  print  out)  otherwise 
it  observes  the  Emitter  Line  tc  go  LOW.  If  the 
Emitter  Line  does  not  go  LOW  within  180  ms  then  an 
error  message  is  printed,  otherwise  it  observes  that 
the  Bnitter  Line  does  not  go  HIGH  for  the  next 
14  seconds.  At  this  stage  it  starts  to  observe  the 
Emitter  Line  to  go  HIGH.  If  it  does  not  go  high 
within  one  second  then  an  error  message  is  printed. 

This  is  repeated  for  Side  2  if  applicable. 

If  the  G.S.E.  is  in  AUTO  mode  then  occurrence  of  any 
failure  aborts  the  remaining  tests.  If  in  MANUAL 
mode  then  branch  to  the  Manual  Loop.  Below  is  a 
full  list  of  error  messages  for  the  Parametric  Test. 


1. 

5.6V  SIDE 

1 

FAILED. 

7. 

EMITTER 

FAILURE 

03. 

2. 

5.6V  SIDE 

2 

FAILED. 

8. 

EMITTER 

FAILURE 

04. 

*» 
w  » 

320V  SIDE 

1 

FAILED. 

9. 

EMITTER 

FAILURE 

05. 

4. 

320V  SIDE 

2 

FAILED. 

10. 

EMITTER 

FAILURE 

06. 

5. 

EMITTER  FAILURE  01. 

11. 

EMITTER 

FAILURE 

07. 

6. 

EMITTER  FAILURE  02. 

12. 

EMITTER 

FAILURE 

08. 

4 


NOTE 


Emitter  failure  codes  01,  02,  03  and  04  apply  to 
SIDE  2  and  05,  06,  07  and  08  apply  to  SIDE  1. 

Further  points  marked  01  to  05  correspond  to  the  type 
of  Emitter  Failure  for  SIDE  2.  For  SIDE  1  the  poiuts 
would  go  from  05  to  08.  For  full  details  on  this 
routine  see  Appendix  A- 5  and  A- 9. 


3. 2. 4. 7  Functional  Test 

This  test  confirms  the  integrity  of  the  CCU  Head  Drive/ 
Supply  circuitry.  It  is  achieved  by  putting  the  CCU 
in  normal  mode  and  simulating  the  U.V.  Heads  in  a 
predetermined  sequence  and  observing  the  FIRE/FAULT 
response  of  the  CCU.  E.g.  simulate  a  FIRE  condition. 

If  the  CCU  responds  with  a  FIRE  signal  then  the  Head 
Drive/Supply  circuitry  corresponding  to  the 
simulated  heads  is  functional.  The , Funct ional  Test 
is  divided  into  seven  major  tests.  These  tests  are 
implemented  in  the  following  manner. 


Initially  the  CCU  RAM  is  cleared  by  performing  the 
RAM  Test  and  set  routine.  See  Section  3. 2. 4. 4.  Put 
the  CCU  in  Normal  Mode  and  simulate  the  U.V.  Heads 
during  the  CCU  Emitter  Test.  If  the  CCU  fails  after 
the  first  Emitter  Test  then  store  a  failure  code  (01) 
at  location  4050  and  increment  the  failure  code 
Register,  i.e.  4051. 

NOTE 


Locations  4050  to  4089  are  used  to  store  the  PASS/FAIL 
status  of  the  SUB-TESTS  during  the  Functional  Test. 

At  the  end  of  the  Functional  Test  the  PASS/FAIL 
statuses  are  printed  (see  sample  print  outs  in  Appendix 
Chapter  5).  These  codes  are  issued  with  the  code 
decode  list  of  messages  to  determine  which  part  of 
the  CCU's  Head  Drive/Supply  circuit  is  faulty. 

Let  the  CCU  run  for  another  five  Time  share  periods 
and  observe  if  a  FIRE  condition  Is  generated.  If  a 
FIRE  condition  is  generated  then  store  a  failure 
code  at  location  4051  and  increment  the  failure  code 
register,  i.e.  4052.  (Both  sides  of  the  CCU  share 
the  time  to  observe  FIRE/FAULT  condition,  i.e.  each 
one  observes  for  167  milliseconds  in  turn). 

See  Figure  3-10. 
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The  above  is  a  set  of  initial  tests.  The  following 
are  a  further  set  of  seven  tests.  If  the  CCU  under 
test  i s  of  type  A  then  all  seven  tests  are  performed 
and  if  the  CCU  is  of  type  B  then  tests  four,  five 
and  seven  are  performed.  The  method  of  storing 
PASS/FAIL  status  is  the  same  as  for  the  initial  tests. 


Test  1 

(a)  Fire  all  Heads  on  SIDE  1  (i.e.  simulate  Heads). 

(b)  Hold  Heads  in  standby  mode  on  SIDE  2. 

(c)  Wait  for  6  Time  Share  periods  and  then  observe 
a  FIRE  condition. 

(d)  If  a  FIRE  condition  exists  then  there  is  a 
permanent  fault  in  the  Head  Drive/Supply  (or 
logic)  circuitry  on  SIDE  2.  I f  no  FIRE 
condition  exists  then  branch  to  Test  2. 


Test  2 

Repeat  Test  1  except  change  all  references  of 
SIDE  1  to  SIDE  2  and  vice-versa. 


Test  3 

(a)  Fire  all  Heads  on  SIDE  1  (i.e.  simulate  heads). 

(b)  Fire  Head  one  on  SIDE  2. 

(c)  Wait  for  six  Time  Share  periods  and  observe 
for  a  FIRE  condition. 

(d)  If  FIRE  condition  exists  then  the  Head  1 
Drive/Supply  and  Logic  circuitry  is 
functional  otherwise  it  is  faulty. 

(e)  Reset  Head  on  SIDE  2. 

(f)  Wait  for  six  Time  Share  periods  and  observe 
for  NO  FIRE  condition. 

(g)  If  FIRE  condition  exists  then  the  Head  1 
Drive/Supply  and  logic  circuitry  is  faulty 
otherwise  it  is  functional. 

(h)  Repeat  Steps  (b)  to  (g)  for  remaining  seven 
Heads . 
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Test  4 


Repeat  Test  3  except  change  all  references  of 
SIDE  1  to  SIDE  2  and  vice-versa. 


Test  5 


If  tests  one  to  four  are  successful  then  all  Head 
Drive/Supply  and  logic  circuitry  is  functional. 

The  remaining  tests  (i.e.  5,  6  and  7)  are  concerned 
with  confirming  the  CCU's  ability  to  respond  to  the 
adjacency  sets. 

NOTE 


In  order  to  reduce  the  probability  of  a  false 
warning  given  by  the  CCU,  the  U.V.  Heads  are 
arranged  in  a  set  of  pairs  to  look  for  FIRE  in  a 
predetermined  area.  This  pairing  of  U.V.  Heads 
is  termed  as  the  Adjacency  Sets.  For  further 
details  on  adjacency  sets  see  Appendix  A-l, 
Volume  II . 


Adjacency  sets  are  as  follows: 


The  suffix  refers  to  SIDE  1  or  SIDE  2,  i.e.  Head  l1 
■  Head  1,  Side  1. 


1. 

2. 


3. 


4. 


5. 


6. 


Head  ll ;  Head  22 
Head  21 ;  Head  32 
Head  2*.  Head  l2 
Head  31 ;  Head  22 
Head  41;  Head  82 
Head  81;  Head  42 


Hence  for  test  five: 

(a)  Fire  Head  l1  and  Head  22  (i.e.  simulate  Heads). 

(b)  Wait  for  six  Time  Shares  and  observe  for  a  FIRE 
condition. 

(c)  If  FIRE  condition  exists  then  the  particular 
adjacency  set  response  is  corret ,  otherwise 
faulty  CCU.  NOTE:  This  time  is  not  the  Head 
drive/supply  circuitry  at  fault.  It  could  be 
the  Logic  card  or  the  software  at  fault. 
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(d)  Reset  Heads  l1  and  22. 

(e)  Wait  for  six  Time  Share  periods  and  observe 
for  the  FIRE  condition  to  reset. 

( t )  If  FIRE  condition  exists  then  the  CCU  can  not 
respond  to  the  particular  adjacency  set 
correctly  otherwise  it's  functional. 

(g)  Repeat  the  steps  (a)  to  (f)  for  the  remaining 
adjacency  sets. 


Test  6 

In  this  test  illegal  adjacency  sets  are  enabled  to 

confirm  that  the  CCU  shall  not  respond  with  a 

FIRE  condition  unless  the  correct  set  of  Heads  see 

the  FIRE.  The  illegal  adjacency  sets  are: 

1.  Head  ll;  Head  32 . 

2.  Head  41;  Head  22. 

Hence : 

(a)  Fire  Heads  l1  and  32  (i.e.  simulate  Heads). 

(b)  Wait  for  six  Time  Shares  and  observe  for  a 
FIRE  condition. 

(c)  If  FIRE  condition  exists  then  the  CCU  is 
faulty  otherwise  it  is  functional. 

(d)  Reset  Heads  ll  and  32 . 

(e)  Wait  for  six  Time  Shares  and  observe  for 
FIRE  condition. 

(f)  If  FIRE  condition  exists  then  the  CCU  is 
faulty  otherwise  it  is  functional. 

(g)  Repeat  steps  (a)  to  (f)  for  the  remaining 
adjacency  sets. 


Test  7 


The  object  of  Test  7  is  to  disable  some  Heads  such 
that  the  CCU  fails  after  it  has  performed  its 
first  emitter  Test. 


Sets  of  Heads  to  be  disabled  are: 


1. 

Heads 

l1. 

2l 

and 

Heads 

l2. 

22. 

2. 

Heads 

21. 

31 

and 

Heads 

22. 

32 . 

3. 

Heads 

41. 

81 

and 

Heads 

42 , 

82. 

(a)  Reset  CCU  RAM  to  zero. 

(b)  Fire  all  heads  except  Heads  1*,  2^,  1^  and 
22  (i.e.  simulate  heads). 

(c)  Wait  six  seconds  and  observe  for  a  FAULT 
condition . 

(d)  If  a  FAULT  condition  exists  then  the  CCU  is 
functional  otherwise  it  is  faulty. 

(e)  Repeat  steps  (a)  to  (d)  for  the  remaining 
sets  of  Heads. 

When  the  G.S.E.  has  gone  through  the  above  tests 
it  prints  out  the  PASS/FAIL  statuses.  During 
test  one  to  seven,  if  any  failure  is  encountered 
then  the  Functional  Test  is  aborted  immediately 
and  the  PASS/FAIL  status  printed,  i.e.  56  zeros 
will  be  printed  except  for  a  single  ”1"  which 
corresponds  to  the  position  of  the  program  at 
which  the  CCU  failed. 

e.g.  OCKXXXKXXXUOOO .  )  a  total  of  56  digits 

OOOOO  ) 

The  above  print  out  is  used  with  the  PASS/FAIL 
messages  to  determine  which  part  of  the  CCU  is 
faulty,  i.e.  the  zeros  are  read  as  1  to  56 
starting  from  the  beginning  of  the  top  line.  The 
messages  are  listed  from  1  to  56.  In  the  above 
example  the  program  failed  during  Test  3  while 
testing  for  Fire  response  when  all  Heads  fired 
on  Side  1  and  Head  4  fired  on  Side  2.  This 
statement  is  directly  the  result  of  determining 
where  the  "1"  appeared,  i.e.  11th  place  and  then 
reading  decode  message  11  (see  Appendix  A-5 ) . 

The  last  action  carried  out  by  this  program  is  to 
reset  the  CCU  RAM  to  zero  and  proceed  to  'Analyze 
Data'  test  if  the  G.S.E.  is  in  AUTO  mode  otherwise 
branch  to  Manual  Loop. 

For  a  full  list  of  Failure  messages  see  Appendix  A-5. 
For  full  details  on  Functional  Test  see  Appendix  A-10. 
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3. 2. 4. 8  Data  Analysis  Program 


3. 2. 4. 8.1  Summary 

The  purpose  of  the  program  is  to  analyze  the  data 
stored  in  the  contro.'  unit  as  a  result  of  a  flight. 
This  data  breaks  into  two  types,  namely  data  that 
is  analyzed  and  presi1:  ed  as  information  and  data 
that  is  used  to  det-r.^  ne  the  status  of  the  control 
unit.  It  is  used  to  xnform  the  operator  of  a  course 
of  action  to  take. 

The  program  also  accesses  counts  from  the 
10  second  U.V.  read  test  program  for  the  analysis. 

The  philosophy  used  is  that  whenever  one  fault  in 
the  data  is  encountered,  an  action  is  indicated  by 
utilizing  the  printer  and  the  analysis  is  aborted. 
This  is  so  because  software  to  cope  with  multiple 
failures  would  be  prohibitively  long  due  to  the 
many  combinations  involved. 


3. 2. 4. 8. 2  Control  Unit  Data 


Data  included  in  the  control  unit  is  as  follows, 
and  it  is  summarized  on  the  memory  map  Figure  3-11. 


Ref.  (a)  A  time  marker  which  is  stored  when  the 

pilot  pushes  the  fire  test  button  and  is 
used  as  an  event  reference,  such  that 
the  point  in  the  flight  where  an  event 
occurred  can  be  determined,  since  the 
pilot  would  record  in  his  flight  log 
the  time  that  the  button  was  pressed. 

Ref.  (b)  Which  heads  in  the  system  are  on  line  and 
which  are  faulty,  along  with  a  time 
marker  denoting  when  the  last  head 
failed . 


Ref.  (c).  The  status  of  adjacency  sets  (which  is 
directly  related  to  (b)  according  to 
the  configuration  hard  wired  into  the 
system)  and  the  time  that  an  adjacency 
set  has  failed. 


Ref.  (d)  An  indent,  which  indicated  whether  data 
bas  been  stored  by  the  system. 
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Ref.  (e)  A  counter  which  is  incremented  on  every 
occasion  that  the  system  recognizes  that 
a  head  has  caused  a  'gate'  to  be  filled 
(W  count) . 

Ref.  (f)  Memory  locations  which  store  data 

indicating  how  near  the  system  gets  to  a 
fire  condition.  These  are  const itued  by 
levels  2  -  5  for  a  System  A  or  levels  2 
and  3  for  System  B.  First  level  fire 
indication  is  indicated  by  (e)  above.  A 
single  fire  level  Indication  consists  of 
the  latest  time  that  this  event  occurred, 
the  head  or  heads  recording  the  "fire 
nearness"  level  and  an  accumulator 
storing  the  number  of  times  that  this 
level  has  been  observed. 

Ref.  (g)  An  indication  of  which  area  indicates  a 
fire  when  a  first  test  event  occurs. 

The  timo  when  the  first  fire  starts  to 
be  observed  by  the  system. 

Au  indication  of  which  area  indicates  a 
subsequent  fire  event. 

The  time  when  the  first  or  subsequent 
fire  extinguishes. 

The  number  of  fires  logged  by  the  control 
unit . 

Ref.  (m)  An  error  code  and  time  marker  recording 
a  processor  self  shut  down. 


Ref.  (h) 
Ref.  (J) 
Ref.  (k) 
Ref.  (1) 


3. 2. 4. 8. 3 


The  following  figures  alon?  with  the  program 
listings  of  Appendix  A-li  describe  the  operation 
of  the  program. 


Figure  3*12  lists  the  RAM  memory  of  the 

G.S.E.  computer  board  that  it  utilized  by  the  data 

analysis  program. 
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FIGURE  3-12  PROGRAM  OPERATION 


The  program  utilizes  subroutines  available  in  the 
GRUTIL  software  package,  namely  subroutine  handling 
techniques,  message  printing  and  next  to  ASCII 
conversion  routines.  It  also  uses  subroutines 
developed  for  the  data  analysis  program. 

Since  many  print  outs  require  variables,  the  data  is 
printed  from  a  scratch  pad  area.  When  required 
during  the  program  the  scratch  pad  is  wiped  clean, 
which  entails  loading  the  pad  with  ASCII  clear 
characters  terminated  with  a  character  that  the  printer 
recognizes  as  returning  the  print  size  to  small. 

The  data  analysis  program  starts  by  performing 
various  checks  to  determine  whether  data  has  been 
saved  or  whether  the  memory  locations  have  been 
corrupted. 

The  check  at  PNT.  5  of  Data  Main  Program  1  is  a 
check  carried  out  to  determine  whether  hardware 
failures  have  occurred  in  the  control  units  circuitry 
associated  with  the  fire  and  fault  switches.  If  this 
route  fails  to  check  out,  the  effect  could  appear  in 
one  of  two  areas,  namely  the  circuit  or  the  CCU  and 
its  associated  circuit.  The  print  out  enables  an 
appropriate  decision  to  be  made. 

A  check  on  system  status  is  made,  checking  whether 
failures  have  occurred  in  flight,  and  checking  print 
out  failure  mechanisms  and  times. 

Adjacency  set  failures  and  head  failures  are  looked 
for  and  if  found,  area  of  failures  are  printed  along 
with  the  action  required  to  rectify  the  problem. 

Head  pulse  data  (gathered  during  the  10  second  head 
test  program)  is  checked  to  determine  whether 
emitter  lines  to  all  heads  of  one  side  are  functional. 
This  is  done  by  observing  that  at  least  one  head 
present  for  the  given  configuration  has  responded 
with  a  count  of  at  least  128  pulses  during  the  head 
test  sequence.  Failure  to  respond  to  this  requirement 
is  taken  as  an  Indication  of  failure  of  the  emitter 
line  and  an  action  is  pointed. 

Next  to  be  analyzed  is  determined  by  the  events  that 
took  place  during  the  last  flight.  If  a  fire  or 
fires  have  occurred,  fire  data  is  analyzed.  If  no 
fires  are  recorded,  then  the  fire  level  data  and 
background  count  is  analyzed. 
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In  the  case  of  a  fire,  the  number  of  fires  is  printed 
along  with  the  area  in  which  the  first  fire  occurred 
and  its  start  time  relative  to  the  time  that  the 
pilot  depresses  the  CWU  fire  test  button.  The  time 
at  which  the  first  (or  subsequent)  fire  extinguishes 
along  with  the  area  in  which  the  fire  was  last 
observed,  is  also  computed  and  fed  to  the  printer. 

All  times  are  converted  from  increments  representing 
head  test  periods,  (14.8  seconds),  to  an  approximate 
minute  indication  by  dividing  the  computed  results 
by  4  using  the  R4SHR  routine.  All  times  printed  are 
first  treated  to  blank  out  leading  zeros  to  make 
reading  easier. 

If  no  fires  occur,  the  program  path  analyzes 
background  (W)  counts  and  fire  level  (or  nearness  to 
fire)  data. 

This  data  is  listed  n  tabular  form  with  column 
headings  of  LEVEL,  COUNT,  TIME  and  HEAD. 

The  program  accesses  the  appropriate  level  count, 
converts  this  into  a  BCD  number,  then  to  an  ASCII 
format  suitable  for  transmission  to  the  printer.  It 
also  blanks  off  leading  zeros.  The  result  is  then 
stored  in  the  appropriate  scratch  pad  locations,  such 
that  when  the  pad  is  written  to  the  printer  it 
appears  in  the  appropriate  column. 

tor  second  level  up  to  fifth  level  data,  the  time  of 
the  event  is  also  processed  relative  to  the  time  that 
the  pilot's  fire  test  button  is  depressed.  BCD 
conversion,  zero  blanking  and  conversion  to  ASCII 
format  is  again  utilized  along  with  program  which 
allows  the  push  button  time  polarity  to  be  displayed, 
i.e.  if  the  event  occurs  before  the  pilot  depresses 
the  CCU  fire  test  button,  then  the  event  time  is 
printed  as  a  negative  time.  The  head  column  displays 
heads  which  have  been  responsible  for  the  fire  event 
levels . 

At  the  completion  of  either  background  analysis,  or 
the  fire  analysis  program,  according  to  whether  the 
unit  is  running  in  manual  or  automatic  mode,  the 
program  operation  will  return  to  the  manual  loop 
until  control  is  recovered  by  depressing  the  G.S.E. 
start  button. 


4.0  OPERATING  INSTRUCTIONS 


The  operating  instructions  are  shown  in  Appendix  B. 
NOTE 

Appendix  B  is  a  copy  of  the  G.S.E.  operating  manual. 
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5.0  CONCLUSIONS 


As  supported  by  the  preceding  sections  and  the 
appendices  the  G.S.E.  design  has  been  successful. 

The  hardware  for  the  G.S.E.  is  shown  to  be 
duplicated  sections  of  the  CCU,  such  that  any 
simulation  carried  out  by  the  G.S.E.  is  Identical 
to  that  of  the  CCU.  The  major  part  of  the  G.S.E. 
electronics  was  built  on  two  dual  size  eurocards 
which  were  wire  wrapped  because  of  the  very  short 
time  scales  required  to  complete  the  G.S.E.  design. 

The  PCB's  were  designed  such  that  it  did  not  impose 
severe  restrictions  on  modifications  that  would 
normally  be  expected  during  the  design. 

It  was  apparent  during  manufacture  that  the  particular 
connectors  used  had  long  lead  times  from  the 
suppliers  and  should  be  noted  for  the  future. 

The  general  design  of  the  software  presented  a 
problem  regarding  data  retrieval  from  the  CCU. 

Because  of  the  data  transmission  speed,  the 
microprocessor  had  to  use  a  utility  program  which 
gave  rise  to  problems  on  start  up,  whereby  the 
G.S.E.  had  to  remember  that  data  had  been  retrieved 
from  sides  A  and  B,  otherwise  the  data  was  lost. 

The  first  system  was  manufactured  and  pressed  into 
service  on  the  flight  trials.  It  became  apparent 
that  minor  design  problems  existed  with  the  unit. 

The  hardware  and  software  problems  were  analyzed  ar.d 
solved. 
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APPENDIX  A-l 


This  Appendix  gives  functional  details  on  the  Golden  River  GR0430  low  power  single  board 
computer. 

Details  down  to  circuit  level  can  be  obtained  form 

Golden  River  Company  Limited, 

Telford  Road, 

Bicester, 

Oxfordshire  0X6  OUL 


PRECEDING  PAGE  BLANK 


63 


I 


APPENDIX  A-l 

1 .  To  operate  tho  Golden  River's  GRO430  Low  Power  Microcomputer, 
the  following  minimum  conditions  should  be  established. 

(a)  Zero  volt  power  line  to  Pin  I  of  Edge  Connector  (E.C  ) 

(b)  8.0  volt  to  12.0  volt  power  line  to  Pin  3  of  E.C. 

(c)  Zero  volt  RS232  (Pin  7  of  25  pin  "D“)  to  pin  56  of  E.C 

(d)  RS232  data  from  terminal  (Pin  2  of  25  pin  "D")  to  pin  58  of  E.C. 

(o)  RS232  daia  to  terminal  (Pin  3  of  25  pin  "D")  to  pin  59  of  E.C. 

(f)  One  side  of  normally  open  switch  to  pin  56  of  E.C. 

(g)  The  Other  side  of  switch  to  pin  57  of  E.C  . 

2.  Check  terminal  settings  as  follows: 

(a)  30  chars  per  sec  (300  buad) 

(b)  Even  parity 

(c)  1  stop  bit 

if  ar.  alternative  data  rate  is  require  under  2(a),  refer  to  Rowings  for  link 
selection. 

3.  Connect  terminal  and  power  supply.  Operate  and  release  switch. 

The  terminal  should  now  print: 

“GRUTIL  VERS  XX" 

If  that  happens,  refer  now  to  GRUTIL  documentation. 

4.  Your  terminal  may  require  some  or  ail  of  the  following  conditions: 

(a)  Pin  5  of  "D"  Connector  to  +5V  (Pin  2  of  E.C.) 

(b)  Pin  6  of  "D"  Connector  to  +5V  (Pin  2  of  E.C.) 

(c)  Pin  8  of  "D"  Connector  to  -+5V  (Pin  2  of  E.C.) 

(d)  Pin  20  of  "D"  Connector  to  +5V  (Pin  2  of  E.C.) 
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1 .  The  software  is  at  par  description  for  Var  2.2  except  for  the  following 
deletions: - 

@M  Command  no  longer  available 

2.  Ail  subroutine  addresses  listed  are  still  valid. 

3.  Version  4  will  run  in  any  hardware  with  the  following  requirements: 

(a)  I/O  Port  at  Unit  6,  EFI,  EF2  o.  ready  lines 

(b)  Program  location  *  8000  -*82EF 

(c)  Program  must  be  entered  wh*h  X=P"0 

(d)  Interrupts  are  disabled  by  Grutil  upon  entry. 

(e)  Minimum  *30  bytes  RAM  must  be  available  somewhere  in  system. 

Grutil  will  select  upper  most *30  bytes  In  Memory  Mop,  out  of 
valid  functional  memory. 

4.  Version  4  takes  a  little  longer  to  start  because  of  RAM  locating  routine . 

5.  New  command  available  i 

?R  Dump  alt  CPU  register  values  at  the  time  of  entry  to  GRUTIL, 
except  R0  and  Rl .  Addresses  ore  given  showing  the  position  of 
the  RAM  that  GRUTIL  has  located  for  storage  of  these  values. 

6.  The  bug  which  prevented  program  loading  at  iOcps  has  been  corrected. 
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Place  on  erased  2716  or  2758  Prom  Into  poll tion  O  (nearest  the  UART) 
with  the  some  or  ion  to  Hon  at  GRUT1L  PROM  (at  other  end  of  row) 

Chock  that  the  PROM  U  'dean'  by  doing  a  CRC  chock,  which  should  give 
FFFF,  o.g. 

*  MO  400  (2758  Prom) 

♦MO  800  (2716  Prom) 

Load  the  data  to  bo  programmed  Into  the  PROM  Into  RAM 
(Locations*4000  -  *47FF)  and  perform  a  CRC  chock  an  RAM. 

Apply  25.5  Volts  ±0.5  Volts  to  the  tost  point  connector,  TPt . 

Restart  system  with  RUN-U  (connect  pin  57  of  edge  connector  to  ground) 

Use  copy  command  to  copy  RAM  data  Into  PROM  e.g. 

•M4000  0  400  (2758)  (  will  take’SdO  seconds  to  complete) 
•M4000  0  800  (2716)  (will  take2l20  seconds  to  complete) 

Remove  25V  connection . 

Restart  system  with  RUN-U  (Connect  pin  57  of  edge  connector  to  ground). 
Perform  CRC  of  Prom  to  check  canton' e.g.  MO  800  for  2716. 
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CR0430  General  Description 


Th*  GR0430  Smgia  board  contain*  JK  by  iw  o' 
Italic  -MO  only  mamoiy  uung  tow  eon*'  CMOS 
RAM  chic*  iMuch  at  molt  lima  co^tumi  only 
l»t^i  currant  Sockati  ar*  providad  tor  uw 
program  PROM  ot  uo  to  SK  bytaa  tunny  intai  27  tfe 
EPROM  »i  *nd  th*  tyitam  monitor  CRuT  IL 
OCCUP>*t  I  tittn  pontion  giving  *  tout  board 
capability  ol  IQK  bvtai  Wh*n  optrvirio  toe  txwtd 
contain*  •  iihgi*  In  1*1  2756  programmad  wan 
GRUTil  in  tnatytiam  PROM  DOW  lion 

Th*  Ocwrd  ha  th*  taciiny  to  program  ma  abova  2 
typaa  ol  EPROM  m  on*  portion  on  in*  oo*to 
without  n**o  lor  any  toaoat  aouipmant  oih«r  than 
a  26V  1  IV  **t*rnal  powar  tupolv  Th*  n*w  or 
mmmt  PROM  |»  maartad  mio  th*  PROM  location 
taro,  ana  all«r  applying  26v  tha  ut*r  can  ■  magma 
that  th*  lint  IK  or  2*  (2756  or  2716 raapacuvMy) 
«  Raan/Vvru*  M*nwy  S  ngia  woroa  or  whoia 
nctenacanb*  programmad  *t  tha  rat*  of  60mS  par 
location. 

Mao  on  board  n  a  higpi  «m*o  aayrtcronowa  tyitam 
port  which  may  ba  connactad  to  dowcai  tuch  aa  a 
TaWtypa  ASR33.  a  Taaaa  ln*trumanu  Snant  700 
Tarmmai.  or  taat  V.D.U.  at  up  to  MO  charactan  oar 
aacono.  Thu  port  it  aanpiaO  aa  a  ayatam  antry  pomt 
and  can  b*  uaad  aa  a  monitor  or  mamtananca 
powtron  m  tha  I  mat  OEM  application. 


Tha  t  •  >w*r  comumption  ot  tl  <  GRQ43G  nai 
b*»n  kaot  v  m  abtoiuia  minimum  by  na  ot  to* 

Co  war  CK  u  tmnnology.  anoby  wwtching  tha 
NMOS  ErROT.  l  to  "OFF"  whan  not  ba  ng  accrual 
A*  a  rttirit  tha  abtolul*  maaimum  oowwr  ^-.onau/np- 
ori  ot  tna  board  it  around  40mA.  by  utmg  canam 
tottwaia  tacnn.guai  and  taking  a  tow  *p**o  tump*- 
link  opfon  on  ma  board,  tha  maan  currant  i*q„  *■ 
mtnt  can  b«  yt  tow  a*  3mA  typica1  Ano.  *mca  a 
on  board  iaguUto<  u  uMd.  a  tow  coat  anaim*  ca 
wen  a*  a  PP9  baitary  can  provuM  tha  tyttamt  iota 
Wactricai  raQjiramant 

in  or3er  tn  m4tni«in  n.gn  rttifbiiity.  a 
d<  diacrat*  componantt  na*a  baan  ua*o  a*  fo«owi 
16  ftantori 

6  Caiam.c  Capacitor* 

4  Tantalum  Capacitor*  Intad  10V.  run  *t  5Vi 

7  Silicon  diodaa 

7  Trantittoi  PackagM 

2  CryllaU 

In  addition,  apart  trom  narowara  and  iitunga  a 
101*1  ol  46  intagraiao  Circuit!  m  Oua<  m  tin*  pack*)**. 
4r*  Mldarao  mio  in*  po*rd  Tn*  !••*  PROM  luckt  i 
bring  tn*  total  componant  count  to  96  uami.  Tn* 
numear  ot  mtar  connacti  ■*  appronmataiv  120C 
Th*  board  >■  normally  (low  toidarad  and  hard 
haaproiacirvagraan  *po»v  K>«en  to  bom  id*. 


Functional  Block  Diagram 
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n«ka  pfovmon  ol  a  ippt  numppt  oi  rnwruot  iinm 
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APPLICATION* 
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Soltwaia  Opuwoomani  .i  paai  Puna  ut>ng  in* 
laciiiliaa  0* «  Hi"  manv lactwiarl  oaupopmant 


sytiam  AnuXmt  aupmoien.  odnuft.  anc  ovpunc  «) 
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dUwttopmanl  angina*  c*n  Wi  wma  tmt  S'fig'«mi 
■n  mtcnmacoot  but  <0*  nan  tnyiui  apcnci  -nt  o»«' 

toy  lOOt-yia*  n  itoati  to  uta  Javaiopman  a  iiit.at. 

at  mtniiuiwn  *ou«* 

Gci Or  A*«tri  cat*  topi*  .  >>tiw*'r /art  ;  wtpn- 
tipaitm'on  a  Jaily  yyintf.  m  monu,  y  h-  -  -.at 
■im  cap'i«' aui>4*n«ni  •"U'm  ila'I  tui  aiM.trto' 
ilttriuvn  Hit  'ryy. cmanlt  Tsg  company  '  ji  i  G 
mi  vi  ACA  or>«iuvinrir  n,o...ia  ana  ntt  ;ntn 
'atpontibi*  ioi  uoyaiupman'  pi  a  itumoai  c  a-ga 
pyugiamt 

An  attni'iOi*'  n  awa-  ac>  «  ’»1  GA0430  a  t 
anowt  loll  aammu.  yy  It  pi  I-  lint  Vl  to  1'.  1  :  yi- 
long  uyiit/ ufny  GAUOiC1  a*i:  u  S>>aM  TOG.  Of  - 1 
Taut  Tatminai  Tn.t  lacmtt  y  on  p"fm  it  nw 
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Specifications 


Intiiucuori  B  imu.  16  t"ti  o>  24  out  Oat*  Bbit*. 


91  bo  It  inaliuciion*  Control  mamory  r*tar*nca, 
Ragiyttr  Ooarationt.  Logit  Ooarationt,  Anthmatic 
Operation*,  Branch  in*nuction»  and  I/O  Control. 
266  oc»*i on  coom  tom 
Aua.tiary  I/O 

2itng>«eit  mcui  tmm  £F3  and  EF4  I  imttbf 
Output  tin*  Q 


1  2758  PBOM  toady  p.ogrammao  with  GRuTil- 
Goldan  Biv*r  utility  Program  Vary  X  X. 

On  Baard  %*M*nuntag  Packtnw 

1  Poartion  toi  2/16  or  2766  Programming  60m S 
Programming  tima  oar  local  on  25V  1 IV  aupply  • 
30mA  tor  programming 

Inairuction  Cvct#6  b  wS  iTypicaiiy  96%  o* 
cycM*  will  a*  6  6  wS> 


Optional  Jumpar  Lina  104.  ■  pS  (For  vary  low 
'  operation). 


PROM  0000-1FFF  (27i6PBOMSI 
OOOOOFFF  12756  PROMS) 
000007FF  (1832  PflOMS) 
PLUS  0OOO-67FF  (27)6  SYS  PROM) 
800M3FF  (2756  SYS  PBOMI 
RAM  2K  BYTES  40CXM7FF 
PLUS  126  BYTES  860O687F 


Aa  abort*  pti  board  mamory  not  avaitabla 

VO  AOdraanngt 

Caen  aatarnn  I/O  Unn  ha*  uniQu*  coo*  ol  B  but 
•Pdt  it  it '00*0  from  data  but  0 tract  capacity  ot 
266  input.  266  Output  Port* 


Oangnad  a*  monitor  poo  tor  tn*  tinai  OEM  tvitam 
Aayneronau*  7  bn  ASCII  Poo  lOcpt  to  960cp*.  odd/ 
Oran  parity 

Nagttiv*  tupptv  ganwaiad  from  incoming  iignai 


Soacai  OMA  CVCta*  to  input  or  Output  Masurium 
(rantlar  rat*  150.000  c  p  a  2  tin**  piovidad  lor 
OMA  in  6  OMA  oul. 

inaamapw 

Smglt  vactorad  mtorupt  tin*  o'Ovdad  M*»>mum 
ratoon**  tim*  t  5uS 


All  tignait  6V  CMOS  compatibi* 

2  457600  MHj  or  <63,600  Hi  Jump*  Saiactao  a 


CoAnaaaart 

60  Way  0  1'  P  C  B  connactot  with  Bewray  at 
Pout  ion  64  Suigia  tidao  connection*  aaugnad 
Control  L*a 

Pun  u  cauim  vactorad  '**t*rt  to  tn*  utility  Program 
at  location  *8000  Bun  P  cauim  Vactorad  raaur  to 
tht  uaar  Piogi*m  at  location  *0000 

CompaUMa  Racking  Syttam* 

Spac  tv  varo  4p  Syttam  4t  tor  card*  and  Moou  ta 
Rtyacai  Char  tatana  too* 

bt  157 . 203  •  25mm  (6  20  •  8  00  '  *  1.00'  i. 
Mn **r  225g  IB  ol) 


Storapa  -55»C  - 10 0°C  Oowafo n  -JO°C  ♦  66°C. 
UMr  Mnr  Jumpar  Link*: 

Siow  Clock  to  'aduct  jyttam  powar  6l2.  1024 
2048  Dvt*  BOM  cnn,  aaiact  Svnam  UART  Baud 
Bata  lOcpv  to  960co>  C  P  u  voltage  nn»  tot  taatar 
CPU  capability 
En*  ureal  Raquuamen*: 

Pin  3  9  Ov  to  20  OV  9  45mA  maaimum  p t  ■ 

Pm  2  5  OV  t  5%  9  40mA  mnrnunt 

it  Pm  3  notion  it  wiactad.  5.0v  !S%n  available  at 

Pm  2,  9  minimum  40mA 

Ot  Hi  B  B£l  At  cD  PHODUC  TS 
MM/1  Caid  P'am#  Unit  4V  a  19' 

MM/4  Powar  Suopty  6  Bachargaab  a  Can  Un  : 

MM/B  M.c'Opi  ocauor  Unit 

MM/6  2X  Byte  BAM  Mamory  unit 

MM/7  BX  Byt*  PBOM  Mamory  Unit 

MM/11  Manual  I/O  Port 

MM/ 12  B  Bn  P»>*.tai  I/O  Port 

MRA/13  BS232  I/O  Pom 


r 
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Thli  Appendix  glvsi  full  detolli  on  the  pfl ntdFTHQXIBft *  0400  series , 


WARNING 


Tni$  •  nyirunant  i*  designed  to  (.revert  accidental  shock  to 
oiMi'JiO'  v*n*r.  .‘iiout-w  used  However  mu  cm  n:. coring  design 
can  'rntlei  -:>t  do  yiniut)  ,s  gs.'d  f*r»,o*»iy 

ir,r«  (mis  m«.\u(i*  m.r.t  ttu  '*nl  c«  elu'iy  #i.u  completely 
i.Mui  to  i>u  .ii-i  C.v,  inrjsui..  r  F«ilgre  to  do  >0  rsn  re- 
soil  m  ,1  serious  ui  fair,  osculant 

SHOCK  hazard  IAs  Jenned  in  Underwriter*  laboratories 

T*.  .  iim. I  Til,  i.  c>».  R-.  "i ..  "i)  /*p.-  ;.n  *>  SuniJ.vds  Igr 

So.cly  Twciltn  Ec.i..n  .'oicd  June  13  196‘JI 

'Shock  hazard  *ha*l  uc  con*'d*r#d  :r>  e«i*i  at  any  u#rt  in- 
voVnij  |  yf/teoti.i1  ii*  ?i.:i/r’s'i  Jj  .1  voile  peek  end  40 

totn».  p**i  in  mo  Mi'  i.vma  cites 

A  ll  Mu:  I  I.riillll  .  IOUm.i  •  “JuJ  o:  .  I  ;!•*!•  500  oTl.1l*  |l< 
zc-:  s  300  miini-o *c's*  *lt»i  0  0001  *«rrond 
0  ll  'Ho  inner  t  lhi3u.;h  *  'e*  i  ni  r.ut  Iff  >  Wan  500  tdvns  *>. 

r  '■  1'  S  Mil.  .m,  l.«  ,.|||f  O'  •»'.-,IIIJ 
'  ‘  •  •  •■'.■•  "  •  •«•  i  ■  ' ..  n  h  ;..n  uT  ioi 

•c^s  man  SCO  r-'  ■'*■•  'o  .iecivj>*  ii-  a  initligntpvres  *• 
betwren  0  I  ena  O  2  second  era  m#  total  quantify  o I 


electricity  passed  through  tnc  load  up  to  thet  nm#  yucaed* 
4  millicoutomti* 

0  It  the  Mine  renrmc.1  Ivf  me  cuncni  thingqn  a  loC4  C<  not 
less  than  SCO  i.k.r»j  in  denet'C  K>  S  in  ii.aupne*  ■* 
Bci.vvn  0  03  0  '■  «ecrort  grd  ;ne  ir.rai  ..uen::.'  of 

atccmciiy  petsc.-t  ttrau.m  the  ipiiu  un  to  me:  lima  tvee-sdt 
75T-3SOT-’  rr.iiiicbuiii<Tibk  e«n*i«i  T  is  ths  Mny  m  »a:?naa 
E  it  in*  DOti'Miiai  i*  moio  man  S  knovf  i:»  p-ta»  and  it  u  a  ioiui 
capacitance  ut  me  circuit  ■»  mo'o  man  3000 
rrnciomicr  star  arts 

NOTE  A  (Will. .11' .1'  tV.KMS  rrvihl  *:v>ly  *vhen  pct-intiSl* 
moi*  man  40  miovi-.:t*  les*  aie  a’cum 

U  .licit  System*  Cc.-pora:, on  ciem  *  rmrneiaiy  i«.im»  n 
ihu  malarial  cl.v.tO'.y.l  nmcon  Ttn.  manual  ■*  s.gio  n 
coni. cenca  lot  mi  , i_". i : . .yj  i.. I :  I  .,  J  .- ...  •  c: 
Ue  ie,'n>oiiC'..i  m  » ,-nd  in  imiih..'..:  "  >-.  M-.ti.iit:  * ••ov.'ii 
VSi.Mjii:  i1.:-'  f  C.M't.  l:  .'!•  i-  "i  '  S'*  f  •• 

SPl CiMCAT iOI«  >  I'lt  jOujcC*.  C.  ms.. ’ .01  V. i*  *00^ 

NOTICE 
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WELCOME 

Welcome  —  from  United  Systems  Corporation.  Thank  you  for  choosing  the  DigiTec 
6400  Scries  alphanumeric  printer.  Your  continued  satisfaction  witn  DigiTec  products 
<8  important  to  us;  so  this  manual  has  been  prepared  to  promote  a  clear  under¬ 
standing  of  the  instrument,  as  capabilities  ana  its  proper  use.  Please  follow  those  in¬ 
structions  to  ensure  optimum  performance  from,  and  your  continued  satisfaction 
with,  your  6400  Series  printer 


UNPACKING  AND  INSPECTION 

Examine  the  shipping  canon  and  the  pnnter  for  any  evidence  of  damage  to  tne  instrument.  II 
there  is  any  indication  ot  damage,  hie  a  complaint  immediately  with  the  earner 

Sevo  the  shipping  carton  and  packing  materials  lor  future  storing  or  shipping  or  the  instru¬ 
ment. 

Should  there  be  no  sign  ot  damage,  proceed  with  the  instructions  m  this  manual  Head  the 
Shock  hazard  warning  on  the  msiae  ol  the  iront  cover  to  avoid  miury  due  m  eiectricci  shock. 

If  the  instrument  must  be  returned,  contact  the  factory  tor  prior  approval  Give  a  full  explana¬ 
tion  ot  the  reason  and.  il  a  malfunction  is  involved,  me  mooe  of  operation  m  wr.-ch  it  occurrod. 
Upon  receipt  ot  approval,  ship  m  tne  original  carton  (or  otherwise  sufficiently  packagea  to 
prevent  damage  in  shipment)  PREPAID  to  your  nearest  authorized  service  center 
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1.  INTRODUCTION 


1.1  General  Description 

The  DigiTec  S400  Senes  alphanumeric  printers  are  small. 


These  outstanding  features  highlight  the  DigiTec  6400  Series 
printers: 


desk-top  printers  that  onnt  nrsi-imo-uo  like  a  person  normal-  • 
ly  reads  They  coinoino  the  benefits  cl  microprocessor 
technology  w>th  United  Systoms  experience  as  a  leading 
manufacturer  ot  digital  printers. 

Model  6410  interfaces  to  your  system  through  a  serial  format 
and  Model  6420  has  an  8-bt.  parallel  bus  interlace  Both 
models  bnn;  64  different  letters,  numoers  and  symoois  in  a 
5x7  r  -lainx  controlled  by  mo  standard  ASCII  code.  The 
etecti  Hive  printing  technique  provides  quiet,  reliable 
open  md  a  hign-contraat  printout  that  is  easy  10  read. 


e  Serial  (RS-232-C  and  isolated  20  mA  current  loop)  or  6-bit. 
parallel  bus  merlace 

e  Data  rates  ot  no  or  300  baud  serial,  or  3S00 
characters/sacono  parallel 
e  21  characters/line  standard 
32  cnaracters/iine  optional 
e  moot  butter  tor  one  line 
e  Dot  matrix,  electric  printing 
e  Boid-tace  characters  lor  special  emphasis 


The  6400  Senes  designer-styiod  cases  make  an  attractive  ad¬ 
dition  to  any  system  in  addition,  special  co'ora  and  yOur  own 
identification  are  available  in  OEM  quantities. 


1.3  Option* 

Option  J'\  Opuon  “  J  ‘  provide*  32  characters/line  capacity  m 
piace  ot  the  standard  2i  columns. 


1.4  Technical  Assistance  , 

United  Systems  Corporation  otters  assistance,  if  necessary.  concerning  special  applications  and  custom-designed 
m  solving  application  problems,  we  siso  encourage  inquiries  systems. 


1.S  Specification* 


GENERAL  SPECIFICATIONS 


■UCTMCAL 

•410 

Input*/ 

Output! 

M-2JIC 

Mere  logic  I  ■  I J  V  to  0  V  (Open  cv«wrt| 

Space  logic  0  Jv  to  uv 

JO  mA 

Current 

UdP 

M*m  log>C  1  CufftmON 

Sptc*  >og.c  0  cw»f*«iOM  (opdACucud) 

•wey  Oul 

lo»  oisvmn  i  •  mA  typical 

Mign.  nvmin  JO.Aiyp.cei 

Modal 

•430 

Input*/ 

Output* 

filrob* 

0*t*  Input* 
■Ad  TmI 

In  pu  ■ 

Low  0  2  V  mm  0  5  V  m*«  *  10  »A 

M.gn  3  0  V  m.n  .  5  0  V  m*ji  ,  *  IOnA 

T**(  input 
Pui**  Width 

Y00  m»  mm 

l*#i*C*d  30  mA 

Cu"*rt<  loop 

Opnc*ity  coup(*d 

lrtp«4  Sv«M» 

Holds  on*  im* 

Pewer 

lljcr  novociv  1SVA  JO  rOOMl 

Op#t*l)*ip  AC"l)IUll 

O'  10  SO' C 

PHYSICAL 

Printer  Dtp 

Printhead  3  million  tm«» 

Slyiwl  500.000  >>n*ft  JO  character*  **ch 

PfWilh**d 

J  *  1  del  m4in»  neciioeenvuve  type 

Cfcereeiere 

Hptght.  3  3  mm 

31  p*r  ho*  (33  p*'  ••«*  optional) 

Met  Speed 

2  uoeereecoog 

Peper 

Ci*ctro**n*iiiv*  100  D  UPP'Os  6500  MW*) 

Otmeeeteee 

7fm*  3171m  *6  379m. 

W*i0#H 

IS  me 

loterfece  cennecler 

6IA  Standard  tCftnontOO  25P) 

k. 
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2.  PANEL  FUNCTIONS 


j— - ^ 

) - -  *'| 


FRONT  PANEL 
Q  Power  ON  indicator 

Paper  Advance  thumbwneet.  torn  toward*  rear  to  ad¬ 
vance  paper 

(?)  Tear  Bar/vWiodow 

( 7 )  Paper  Feeder  Release:  tilt*  atytu*.  release*  peper 
feeder  mechanism  so  paper  can  be  putted  out  of 
printhead. 

(£)  Paper  Spindle 


1  J 

-  «^fve«»>a>wie  »»»■ 


REAR  PANEL 

Input  Connector 

Power  Cora  (i  15/230  v*c  selector  and  fuse  are  located 
inside  the  case) 

Paper  roil  on  spindle 


3.  STAOTUP 

This  secnon  erp'Sins  how  to  apply  power  to  your  OigiTec 
6400  Sorios  printer  ana  how  to  load  paper  m  the  pr-ntnead 
Your  printer  will  then  oe  roady  lor  operation 


- CAUTION  . 

The  printer  should  be  operated  ONLY  witn  pauer 
installed  to  prevent  possible  damage  10  me  printhead 


cC3> 


Figure  1.  116/230  Volt  Selection 


3.1  Power 

The  Modot  6400  Series  printer  can  be  operated  on  either  a 

US  Vac  or  a  230  Vac  power  ime. 

It  is  normally  shipped  lor  US  Vac  unless  specified  tor  230 

Vac  II  230  volt  operation  is  needed,  you  must  loilow  this 

procedure 

(T)  Remove  me  <our  screws  one  m  each  corner,  on  the 
bottom  Of  tna  ormter  case. 

^2)  Lift  mo  front  ol  (he  case  top  and  let  it  pivot  backward* 
to  rost  on  me  table 

(3)  The  fuse  is  ioejted  m  me  lower  r.yni-npnd  corner,  look¬ 
ing  liom  the  iron  1  is  Vac  operation  requires  a  1/4 
amp.  125  volt  luse  230  Vac  operation  requires  a  1/6 
amp.  250  volt  tu98. 

Lilt  the  black  power  cord  and  notico  (he  zoro-ohm- 
resistor  lumoe's  unaerneam  The  position  ol  these 
lumpers  selects  either  115  Vac  or  330  Vac  operation 
(insulated  who  rr.u/  oc  used  instead  ot  tne  resistor*). 
The  positions  are  as  follows. 


- important - 

60  sure  me  proper  rated  fuse  is  >nstaitco 
line  rating  selected  1 15  vac  requires  a 
volt  luse  250  Vac  operation  requires  a 
volt  luse 


for  the  power 
1/4  amp.  125 
1/8  amp,  250 


eowe* 

Line 

Selection 

Jumper* 
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3.2  Pnoer  Loading 

Tf«  64bG  uurios  alphanumeric  pi.ntrws  v~  sh-pos^ 
paper  installed  to  piovem  oamoga  U#  me  prmtnoad  during 
shipment.  To  load  a  roil  ol  papar  into  the  printer,  ioiiow  this 
procedure: 

- CAUTION - - 

The  paper  it  electrically  conductive,  it  should  not  t>e 
allowed  to  contact  tne  printer  a  circuits  when  the  unit  •• 
plugged  m. 


(j)  Turn  the  printer  ON. 

Place  e  roil  ol  paper  on  tne  Paper  Spindle.  Both  the 
spindle  and  a  roll  ot  paper  are  contained  in  a  plastic 
beg  shipped  with  the  printer. 

@  Place  (he  loaded  spindle  into  the  slots  m  the  Paper 
Spmdie  Brackoi.  The  loose  end  ol  paper  should  come 
oil  the  bottom  ol  the  roil  and  up  towards  you. 

(i)  Make  sure  all  paoer  from  a  previous  roll  is  removed 
trom  the  prihtnt3d.  To  remove  leftover  paper,  turn  the 
Paper  Advance  dial. 

(s)  Pass  the  end  ol  paper  down  into  Slot  A  in  tne  top  ol 
the  printhead. 

►  NOTE:  A /EVER  put  new  paper  into  the  pnnthttd  unM  ALL 
paper  from  the  previous  roil  it  removed. 


4.  MODEL  6410  INTERFACING 

Your  Model  6410  aipnanumeric  primer  provides  e  choice  ol 
two  basic  typos  01  interlaces  to'  data  communications  in  the 
serial  character/senai  oil  mode  I)  RS-232-C  and  21  20  mA 
current  loop.  The  design  ol  your  data  transmitting  device 
determines  wruen  interlace  your  printer  require*. 

Through  the  framework  ol  these  two  basic  interlaces  opera¬ 
tion  ol  you r  6400  Sorias  primer  is  controlled  by  *l*v*n-Dit. 
serial  binary  woras  These  binary  words  include  control 
characters  coded  as  defined  oy  in*  widely-accepted 
American  Standard  Code  lor  information  interchange 
(ASCII)  Tne  Model  6410  printer  accepts  a  single,  fixed  word 
format 

We  normally  ship  the  Model  6410  printer  set  up  lor  the  RS- 
232-C  mtoriace  at  a  data  rate  ot  1 10  baud  But  you  may  easily 
change  this  setup  in  the  held  to  satisiy  your  own  re¬ 
quirements.  Trus  section  contains  the  information  necessary 
to  adapt  your  printer  $  input  to  your  specific  appl. cation  and 
to  make  the  proper  interlace  connections  to  input  connector 
J4. 

4.1  Input  Connection* 

The  connections  to  input  connector  J4  ol  your  6410  printer 
ere  deimed  by  Table  1  below 

Examples  that  illustrate  tne  connections  tor  each  type  ol  in¬ 
terface  follow  tne  table  Keep  m  mind  trial  mo  20  mA  current 
loop  mod*  may  be  wired  tor  ennor  teletype  or  sohd-tiaie 
transmitters 

RS-232-C  transmitting  should  not  exceed  70  leet  in  length. 
In  20  mA  current  loop  applications,  a  number  ol  printers  may 


(5)  Fees  i.'o  ,  «u er  tux  Slot  A  whilo  turning  the  Paper  Ad¬ 
vance,  towards  the  rear  ol  the  printer.  Tno  paper 
automatically  cycles  through  the  printhead  and  out 
the  Slot  B 

P  NOTE:  The  printor  does  not  defeci  when  fh*  paper  supply 
runs  out  Had  stripes  on  me  papar  indicate  that  the 
supply  it  to w. 


be  connected  m  senes  across  the  transmitter  When  this  is 
done,  you  must  aoo  up  me  total  voltage  drops  01  each  printer 
■n  the  series  ( 1  SV  nominal  eacn)  to  determine  the  voltage 
required  from  your  transmitter  10  mamtam  a  proper  current 
level  ot  20  mA  in  the  loop. 


PIN 

NO. 

ASSIGNMENT 

8 

— 

Received  Line  Signal  Detect  \ 

(logic  1  indicates  Receiver  ON) 

7 

Signal  Ground 

^  RS-232-C 

2 

Received  Oaia 

t 

Protective  Ground  a 

12 

External  Transmitter  Current 

20  rr.A 

Source 

►  Current 

13 

External  Receiver  Current  Source 

Loop 

9 

Transmit  Loop  input 

21 

Transmit  Loop  Return  > 

10' 

Tost  Pm  Logic  0  (Ground)  on 

this  pm  generates  an  internal 

test  of  me  printer  and  a 

printed  tost  message 

11 

Auxiliary  I/O  Line 

(specials  only) 

Table  1.  Connector  J4 

'For  mu  (unction  to  operate,  tne  Received  Data  line  must  be  m 
the  Markmn  condition 
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Figu.i.  2  illustrates  portions  of  the  pnot«'  circuits  mat 
associate  with  each  pm  of  connector  J4 


I  EXAMPLE:  20  mA  current  loop  miertnco  to  type  33ASR 
Tetetype  only. 


(StffttsAt 
IP  AftVMSMlj 
CtMISI 


•ftlCH 


TtUM*»tTT«« 

MMTII 

m - 

i 

»  + 

TMuM—illTIf 

rHMsflA 

APPENDIX  A- 2 


1 


■  EXAMPLE.  20  mA  current  wop.  isolated  input  interlace 


4.2  Interface  Selection  ; 

A  ptug  m  juniper  it  provided  on  tno  printer's  circuit  board  tor . 
Mioeting  eitner  RS-232-C  or  20  mA  current  loop  interface.  ■ 
This  lumper  location  it  tnown  in  Figure  3.  i 


| 

Figure  L  Iniertace  Jumper  Location  | 


4.3  Input  Formats 

Tne  Mode)  6410  alphanumeric  printer  hasahaed.  1  t-on  word 
lormat  as  louows. 

e  One  START  bit 
a  Seven  ASCII  data  bus 
e  One  PARITY  bit  (not  checked) 
e  Two  STOP  bus 

4.4  Data  Transmission  Timing 

Tne  timing  relationship  between  the  transmitted  date  rata  and 
tha  ability  of  your  Model  64!Q  printer  to  receive  and  prim  the 
data  it  determined  oy  two  factors  t )  the  speed  m  bnn/tscono 
(baud  rate)  oi  tne  serially  transmitted  data  and  2)  the  speed 
with  whicn  tne  primer  can  punt  one  ime  oi  data  you  must  en¬ 
sure  mat  tne  transmitter  does  noi  send  data  fasts'  than  tne 
printer  can  print  it. 

Your  Model  6410  printer  operates  m  me  ASYNCHRONOUS 
mode  at  either  of  two  baud  rates  1 10  baud  or  300  baud  This 
section  contains  instructions  on  now  to  operate  your  printer 
in  tne  asynchronous  mode  and  now  tc  select  me  baud  rate 
that  suds  your  application. 

4.4.1  Asynchronous  Operation 

me  maximum  number  of  data  characters  transmuted 
between  print  commands  must  not  exceed  me  number  of 
cnaraciars  per  tine  tnat  the  primer  records,  or  some  of  tne 
data  may  t>e  lost.  The  baud  rate  of  tne  transmuted  data  and 
mo  duration  ot  a  print  cycle  determine  this  relationship  Your 
6400  Senes  printer  operates  at  a  rate  of  2  lines  per  second.  "G 
which  means  mat  S00  ms  is  required  to  print  one  tine  of  dais 
(the  print  cydo  duration)  The  baud  rate  depends  on  your 
transmitter 


The  tumper  positions  are  at  follows: 


— 

rjg 

20  mA 

# 

20  mA  f  1 

RS-232 

RS-232  . 

=5 

• 

RS-232-C  20  mA  Current  Loop 


1 


►  NOTE:  Print  commands  (ASCII  0A)  may  not  Da  transmitted 
fatter  than  once  every  500  ms. 

In  asynchronous  operation,  you  must  supply  the  proper  tins* 
log  to  ensure  mat  the  transmitted  rate  oi  each  ime  of  date 
maintains  a  correct  timing  relationship  with  your  pnntor. 

if  the  time  required  to  transmit  one  line  of  data  is  equal  to  or 
greater  than  me  time  required  to  complete  one  print  cycm 
1 500  ms),  no  special  consideration  need  be  given  to  the  tint*, 
mg  oi  your  priming  system. 

■  EXAMPLE  At  a  rate  of  110  baud,  one  eteven-bit  data 
character  requires  iQO  ms  of  time:  so  one  complete  ime  of  21 
characters  allows  ample  t.me  lor  one  print  cycle  to  be  com- 
pietid  The  transmuted  stream  of  data  may  now  without  in¬ 
terruption 

if  tne  time  required  to  transmit  one  ime  of  data  >sless  man  try. 
time  required  lor  tn*  primer  to  print  one  ime  (500  m»),  yu. 
noeo  to  give  special  consideration  to  me  tuning  pi  your  punt 
mg  system  or  some  el  me  oats  may  do  lost  This  can  bo  as, 
comptisned  by  inserting  tne  proper  number  o<  Stop  bib 
Between  data  characters  to  occupy  me  lull  m  iransmiss-on 

■  EXAMPLE:  At  a  rate  of  300  Baud,  one  ofcven-bii  dat 

character  requires  37  ms  of  lure  II  one  ime  ol  data  contaw 
only  ten  characters  (370  msi.  me  complete  line  wilt  nevo  bow  j 
transmitted  Delore  the  print  cycte  is  limsfied.  ] 
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4.4.2  Mud  Rate  SslKtfon 


A  plug-m  |umpor  >s  p'OvOdd  on  the  printer  *  circuit  boj'O  lor 
selecting  either  110  bcud  or  320  oouO  dan  tfjnsm.ss.on 
rates,  this  jumper  locution  '%  Shown  II  F.Qure  4 


figure  4.  Baud  Beta  Jumper  Location 


The  jumper  positions  are  as  follows 


1*0 

1 10 

cu 

300 

3 

300 

I 

110  baud  300  baud 


4.$  ASCII  In  tho  0400  Series  Printers 

Table  2  defines  the  ornitcd  characters  and  control  functions 
tnat  arc  oioducoo  b,  the  partial  ASCII  code  >n  the  6400  Sorias 
alphanumeric  (iru-.'.inr.  ire  iie>adcC>n'di  numb ar s  given  in 
the  table  are  c  incr  to  hanoie  than  the  tongci  Binary  ASCII 
numoers  that  tiio  printer  uaes  sno  ere  ceeiiy  converted  to 
binary  when  rcQuired 


Control 

Function 

! 

HtP. 

Chr.r 

“1 

Host 

Clmr 

H#>1 

Chari 

ILI 

Char 

ID 

PRINT 

0A 

jpacfl 

20 

0 

30 

«? 

40 

P 

60 

DATA* 

1 

t 

21 

1 

31 

A 

41 

Q 

51 

• 

22 

2 

32 

B 

42 

R 

52 

BOLD 

3E 

» 

23 

3 

33 

C 

43 

S 

53 

C£ 

s 

24 

4 

34 

u 

44 

T 

54 

■  .nr 

ve 

25 

5 

35 

E 

45 

U 

55 

i 

26 

6 

36 

F 

4f. 

V 

56 

BOLD 

OF 

27 

7 

37 

a 

47 

V/ 

57 

f  ACE 

1 

( 

28 

5 

38 

H 

48 

X 

55 

OFF 

1 

29 

9 

39 

' 

49 

Y 

59 

1 

• 

2A 

3A 

J 

4A 

z 

5A 

1 

cB 

n ip 

* 

13 

1 

! 

2C 

< 

3C 

L 

40 

i 

- 

PD 

. 

30 

1  M 

4D 

1 

2E 

> 

3E 

N 

4E 

j _ 

2F 

*> 

3F 

° 

JF 

1 _ 

Will  a>  ;o  pr.nt  without  an  JA  command  v/neneve'  « total  of  32 
characters  are  received  wan  Option  "J  .  32  characters  per 
line  do  not  sene  a  uno  teed  tOAMt  after  31  characters 
Omorwite  mo  automatic  im#  feed  »no  the  ofo  ijsi 
transmitted  will  cause  yOur  printer  to  tine  teed  twice  Alter  3  1 
characters  rOu  may  send  a  SPADE  character  to  matte  32 
choree  i»>s  to  get  an  axiomatic  line  feed 

Table  2.  ASCII  Table 


5.  MODEL  6420  INTERFACING 

Your  Model  6420  alphanumeric  printer  p'ovoes  an  s.qhibit 
parallel  interlace  >or  data  communications  <n  the  serial 
cnerscter/paratiei  bit  mode 

Through  the  framework  ol  this  interlace  opeianon  ot  your 

6400  Series  onntcr  iS  conwoneo  by  e>5ht  c.:  .  jrj'ie'  binary 
words  These  binary  words  nciude  control  ch  i  .icleis  cooo.1 
•  i  defined  by  I  he  nmli  'y  ■  dLLtrpleu  Arr.^r  3r«  ^  C  k,-  iui 
for  tnforiration  interchange  (ASCII) 

This  section  coma  ns  iniormation  nei.esse'y  to  m,-,!.*  me 
proper  connections  to  the  printer  s  inp.,t  .c'me.v  J4  jiid 
ar  e»piana(ion  ot  trie  a$Ch  code  .is  ■!  uuu'  vs  to  your  OigiTec 
6400  Series  primer 

8.1  Input  Connectlone 

The  comeclions  to  input  connecic'  J4  ui  ypvi  Model  64?o 
printer  are  defined  by  Table  3  beiow  Keep  >n  mitij  mat  you 
can  opnrat.  ,Our  pi  nte'  m  c>tnu'  u(  iwo  formal*  't 
asynchronous  or  ?i  syncnionous  Te-ese  «o  oai'r  "q  for¬ 
me's  are  enpiained  m  grojtt-r  oeta  ■  r.  S  . section  i  t  j 
ampies  that  iiiuiiraie  connections  'o  rc  '  P'1  ''or  onow  the 
table. 


fif 


Pin 

NO. 

,  ,  1  Pin 

Assignment  1  Mo 

Assignment 

1 

P'uK-ct'-.e  O' ouno 

14 

e.i»  N 

2 

STROBE  tSTRi 

15 

Bit  1 

:  4 

Busy  Oui 

16 

Bit  2 

1 

i^Oi'u  n’lpui  3 0 

17 

Bit  3 

l  DATA 

!  > 

Signal  G'Ounc 

18 

Bn  4 

^  inputs 

i '° 

T cs:  n.n  Lgg'C  0 

19 

Bn  5 

'GfOui-J )  on  ih-s 

20 

Bn  6 

p,n  an 

intt”  113  I *  jt  o* 

21 

Bn  7  > 

the  prime  and  a 

punted  last 

• 

J09 

i  ii 

Ai< » •  1  •  ft r  v  I/O  l  -n© 

i _ 

■  specidis  only  1 

Table  }.  Connector  J4 


o  Eight-line  dan  input  TTL  positive  true 
e  STR  it  Til  neyai-ve  Hue  (logic  01 
e  SIR  Pulse  wdth  IS  us  mm 

e  Busy  Out  po>n-vo  Hue  (logic  i) 


f 


« 
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Figuro  5  illustrates  portion  of  tho  priAMr  circuits  that 
associate  «Htn  eacn  pin  ol  connocto^  J4 


R 


•  t-WV 


Figure  5.  Model  8420  inlsrfacs 


■  EXAMPLE  t  Conneciions  lor  asynchronous  operation 


■  EXAMPLE  ?  onnections  lor  synch-. >-ous  o„ 


*.'ST 

oui 


3.2  Data  Transmission  Timing 

You  can  choose  I'.inof  asynchronous  or  synchronous  upe'i- 
don  tor  your  Model  6420  pnntnq  system  in  asynchronous 


operation  me  tranvnnteo  data  r ato  .s  nor  directly  controlled 
by  the  printer  in  SyncMoncu'i  opc'jtion  ine  transmitted  Jala 
rale  is  di'ecliy  cont-ci  .-d  Oy  me  punter  figure  6  is  a  timing 
diagram  ol  your  Model  6420  printer 

! 

■w 

1 

•  i 

1 

JJ 

Oat  a  V 

—  _ A 

X  X 

’»•  X 

•M 

■a  fa 

uigso 

*4. 

-Jf.  L- 

rL 

n 

►*  'a  ■  'i  •  ■  ^ 

•  i 

_ 1  _ 

___  L_ 

•  * 


Figure  8.  T iming  Diagram 


Limits  | 

Symbol 

Application 

Mm 

Mai 

tla 

Delay  lime.  SIR 

Data  must  Dc  valid 

Irom  15  «S  tc  40  u] 

AFTER  STH  goes  low 

40  wS 

tO 

Delay  time,  input  to  BUSY 

50  *S 

Te 

Susy  time  per  on 

200 

Tc 

Busy  time  per  line 

500  ms 

530  ms 

Ty 

Data  valid  time 

1  wS 

20  e  * 

TPW 

F'uise  vv»c1lh  lirne.  S7  R 

IS  «s 

Whan  STROBE  goes  True  two  ihmgi  happen 

1)  Data  will  be  laicised  >nio  pr.nic'  between  1 6  „s  jnd  40  *$ 
•aiar 

2)  Susy  will  become  valid  50  «s  late'  (mammum) 


« 


M 
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1.2.1  Asynchronous  Operation 

You  can  operate  youf  printing  system  in  the  asynchronous 
moue  il  you  obscrvo  t*vo  basic  rules 

A.  Characters  (8-bit  r"  ot  Oytesi  must  be  transmitted  no 
taster  than  35QP  ictor.,/sccond  with  each  pulse 
period  no  less  n.*  .. 

B  Print  cy  ie  commano  pulses  must  be  no  less  than  500  ms 

dutainn. 

K.2.2  Synchronous  Oporatlon 

you  can  operato  your  printing  system  in  tho  lull  synchronous 
mode  by  using  pm  4  (BUS*  OuT >  QuSY  OUT  supplies  a  logic 
1  pulso  (POSITIVE  logic)  every  timo  an  &-bit  data  word  is 
received  by  me  Mooei  6420.  This  is  a  230  «s  puise  to  in¬ 
terrupt  the  transmitter  Irom  sonomg  any  more  data  until  the 
printer  is  ready  to  receive  ,t  A  longer  (500  mj)  pulse  is  also 
sent  out  Irom  this  pm  every  timo  a  PRINT  command  is 
received  by  the  printer. 

S.3  ASCII  In  tho  6400  Series  Printers 

Table  4  defines  the  printed  crtaractors  and  control  (unctions 
that  are  produced  by  me  partial  ASCII  code  .n  the  6400  Series 
alphanumeric  punters  Tne  ne»aoeamai  numbers  given  m 
the  table  are  easier  to  nanate  man  tne  longer  binary  ASCII 
numbers  mat  the  printer  uses  and  ara  easily  converted  to 
binary  when  required. 


6ontrc.l 

function 

Mm 

Char 

Ho* 

Char 

Moa 

Chrif 

Mo* 

Char 

Mo* 

PPINI 

0A 

iPACt 

20 

0 

30 

40 

P 

50 

DATA* 

! 

21 

1 

31 

A 

41 

O 

51 

* 

22 

2 

32 

B 

42 

n 

52 

BOLD 

0E 

II 

23 

3 

33 

r> 

N# 

43 

s 

53 

FACE 

$ 

24 

4 

34 

D 

44 

T 

54 

“ON" 

V. 

25 

s 

35 

E 

45 

u 

55 

6 

26 

6 

36 

F 

46 

V 

56 

BOLD 

«F 

27 

7 

37 

G 

47 

w 

57 

FACE 

1 

28 

6 

33 

M 

48 

X 

53 

"OFF- 

) 

29 

9 

39 

1 

49 

Y 

59 

* 

2A 

3A 

J 

4A 

z 

5A 

♦ 

20 

33 

K 

4B 

2C 

< 

3C 

L 

«c 

. 

2D 

« 

3D 

M 

40 

2E 

> 

3E 

N 

4£ 

! 

2F 

0 

3F 

O 

4F 

‘Will  also  print  without  an  <JA  command  whenever  a  total  oi  J2 
characters  ore  received  With  Option  -J 32  characters  per 
line,  do  pot  send  a  line  teed  (OAH)  alter  31  characters. 
Otherwise,  the  automatic  line  teed  and  the  one  last 
transmitted  will  cause  your  printer  to  line  teed  twice.  Alter  3i 
characters,  you  may  send  a  SPACE '  character  to  mane  32 
characters  to  get  an  automatic  line  teed. 

TsMcS.  ASCII  TeWe 


S.  8ERVICE  INFORMATION 

Thu  section  contains  schematics,  pans  location  pictorial* 
and  a  pans  list  to  assist  those  who  are  technically  qualified  to 
uae  this  information 


V 


62 


Ill))]  ii  4 


APPENDIX  A- 2 


PARTS  LIST 

The  following  parts  ust  contains  the  e.ectncai  (and  some  mechanical)  components  of  each  subassembly  of  the  Model  6*00  Senes 
alphanumeric  printers. 

Under  DESCRIPTION,  the  type  of  each  capacitor  and  resistor  is  given  by  these  codas: 


CAPACITORS 

A  •  Aluminum 

C  ■  Ceramic 

6  »  Electrolytic 

M  -  Mica 

Pi  *  Polyester 

P2  »  Polysterene 

P3  -  Metaiued  Polycarbonate 

T  •  Tantalum 


RESISTORS 

C  ■  Carbon 
F  •  Film 
V  -  Variable 
W  •  Wire- wound 


MAIN  SOARO 


MOOIL  *410 


Reference  Onanpeia  USC  Number  Vendor 

Complete  Assembly  .  . 08-t*73O-Ot  V'tC 

ct.2 .  C.OOSrnF  100V  .  SO- '02 ISSS03KP 1  . Centrei  ib  DC  Senes 

C3  . At,  2300ml.  SO  V  . S4-lS»04MNiJ»MSO  Sprague  Type  T7A 

C4-0  0  »0.  18 . T.  1  4  ml.  SO V  . . M-t2ni0tS>NV)  Q-tSIS* 

C7  . .  .  C.  tOOOml.  tsv  . S6-I02U3-108N13  uyiovuu.  Typ4  SCJO 

CS .  C.  220  ml.  te  V . se- 10203-22 ?N  18  .  Sprague.  Type  80 JO 

Ctt .  M.  too  PI.  »OQV  . S0-1O21OA1OIML5 . tlnente  t>ei>es 

Cta . M.  30  pi,  300  V  8#- 102  tOA  3  .  KJiDtftcO.  OM  Sena: 

CIS  M.  24  pt  300  V  J5-t02tOA244JUt  (imento  DM  Senar 

ci4  is  80  pi  se-tMseoe 

Cts.  iT  ,T  0  t  ml  3S  V  S6-12731 A104N3&  Siemens.  04Si3« 

CI0 . T.  0  42  m«.  31  v  . . M-1273IA474N3 .  Swmen*.  &4»-  j4 

,-  ■  i 
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MAIN  BOARO  (continued) 


UtlWMu  DwalpilM 

01-5.9  10  . Power  diode.  100  Piv 

06 . Zsner  diooo.  6  5  v  . 

07. 8 . Signal  code 

FI  . Fuse,  1/4  A.  Slow-Biow 

F2  . Fum.  thermal . 

IC1.2  . Voltage  regulator . 

ICO  . Voltage  regulator . 

IC4  . Hex  inverter  . 

ICS  . . 

IC6  . Opto-i*oiator . 

1C  7  . 8-tegmeni  display  drivor 

ICS  . Mtcroproceuor . 

Ql-7 . Power  transistor  . 

OS . Signal  transistor  . 

09.  10 . Signal  transistor  . 

Oil . Signal  transistor  . 

012 . Power  transistor  . 


use  Number 


. 40-07707-01 

.  40-09219-06 

.  40-09297  .  .  . 

.  52-09309-02  . 

.  52-16630-066 

.  40-16079  _ 

. 40-16501  .  .  .. 

. 40-15956  . 

.  40-17170  .  .  .. 

.  40-14875  _ 

.  40-18722 

.  07-18750 

(40-17923-02) 

.  40-15168  .  .  . . 

.  40-11353  . 

.  40-04233-05 

.  40-09952  .  .  . . 

.  40-14164  . 


Vender 

Feircmid.  1N40O0  Series 
Scnauor  S2-6  5A 
.Motorola.  1N4154 

Buss.  MOL-1/4A 
.Micro  Devices.  60961 

.Fairchild.  78M24UC 
.Fairchild.  78M05C 
.Motorola.  MC'4049BCP 
.National  Semi.  OM6820AN 
Monsanto  MCT6 
.Motorola.  MC3491 
.Intel,  P6746-8 


Motorola.  MJE701 
GE.2N5172 
GE.X16A565-S 
.Fairchild.  2N4250 
.Motorola.  MJE800 


Rl 

R2  . 

R3  8 

«4,9.  12.  15.  16 

AS . 

R6 

R7 . 

RIO.  14 . 

All.  17-23  .  . 
R13 . 


c.sexn.  1/4  w.  $% 

c.  270  1/4  w.  5% 

C.  47k(i.  1/4  W.  s% 
C,  1h«.  1/4  W.  $•/,  . 
C.  l50fl.  1/4W.  SV. 
C.  220(1.  1/4  W  S% 
C.  4.7  ad.  1/4  W.  5% 
C.  33  ad.  1/4  w,  S*/4 
,C.  10  all,  1/4  w,  5% 
C.22aO.  1/4  w.  5V. 


65-10101HI-.CJ5R6 

5S-10101HA027 

55-10101HK047 

5S-10101HK001 

55- 10101MAI50 

56- 10101HA220 
55-101 01HA004R7 
S5-10101MK033  . 
55-10I01MK010 
5S-10101MK022 


IRC.  GBT-1/4 
IRC  GBT.i/4 
IRC.  GBT-1/4 
IRC.  GBT-1/4 
IRC.  GBT-1/4 
lRC.GBT-1/4 
IRC.  GBT-1/4 
IRC.  GBT-1/4 
IRC.  GBT-1/4 
IRC.CBT-l/4 


Si 


Switch,  illuminated  rocker 


43-18724 


CAK.CK5101 


T1  . Trartstormer.  power  . 42-17665  . . . USC 

ri  . Crystal.  2  6  Mm . 40-17929  . Vaitac.  VM8-HC16 


MISCELLANEOUS 


Reference 


DeecrtpUen 


USC  Number 


Vender 


Paper 

Paper  Spmdle 
Connector.  25-  pm  male 

Power  Cord . 

Prmineao  . 

Case  top 
Case,  oottom 
Jumpers,  tero-ohm 
Jumpers,  piug-m 
J3 

Lemp  lor  power  switch 
J4 . 


. 16-17210  . USC 

.  22-17971.  . USC 

.  51-09174-01  .  Canon.  OB-25P 

.  53-16738  . Beiden.  1 7236 

. .  47-18726  . Pansomc.  6U V - 1 0E0 1 2LU 

.  30-18705  . . USC 

.  30-18706  . USC 

.  50-0765/  .  . Ena.  333 

. 51-18194  Serg.  65474-002 

.  Pnnthead  connector  51-'8731-15  Cmcn,  252-15-30  240 

.  52-09346  . Wegner  Elec..  335 

25-pm  female  connecior  51-09174-02  Cenon  DB-25S 


MOOELS420 

All  other  prr(8  ere  the  seme  on  the  Model  64 1 0  printer 


MAIN  BOARD 

Complete  Assembly  . 06-18730-02  . USC 

No  C11 
NO  07 
NoiCS.t 

ICt  .  Microprocessor  .  07-18689  Intel .  P6748-8 

(40-17923-02) 

ha  62  M 

Rl 7  C  47  kt|  1/4  .v.  9*.  66-  1010OIK04  7  tRC.GST-1/4 
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APPENDIX  A-4 
SHEET  2  OF  2 


Print”  Side  1&2  Failed 
No  Conmunl cation  Path 
Established  GSE  CCU 
Check  Integrity  Cable  1 
Connections  or 
Replace  CCU 


J 


Print  . 

System  B 

No  Connection  Path 
Established  GSE  -  CCU 
Check  Integrity 
Cable  1  Connections 
or  Replace  CCU 


Set  l_F3=l  Set  MEMCODE  \ 
Address  to  4000  _ _J 


Set  MEMCODE  =  1 
4002 

r 

Issue  Command  to  Retrieve 

Data  Side  1  Reset  CCU 

Start  Time  to  Start  PGM 

From  Beginning  (0000)  After 
Data  Has  Been  Retrieved 

Jump  To  Utility 

94 


Start 


DIS  I  NT  Apply  Power 
To  CCU _ 


^Is  ^ 
EF3  =  1? 


APPENDIX  A-4 
SHEET  1  OF  4 


w 

No 

Point  R4  To 
Point  R5  To 

:all  RTN  1 

Return  RTN 

> 

/  Is 
MEMCODE 


=  l\  No 


Auto/Man 


Is  Lab^v, 
Support  Cable 
Used? 


Do  Idle  Return 
3  Seconds  Oelay 


^  Side  1 
Pass/Fail 


Do  Part  1  1e  Determine 
Communication  Data 
And  Print  Accordingly 


Is  Lab  \ 
Support  Cable 
Used? 


Print  Message  54 


Release  CCU  Reset 
Line  ie  OUT  7  #  14 


Is  GSE2 


Side  1  High? 


Fire  All  Heads  Side  1 
ie  Out  3  *  FF 


Is  GSE2 


Side  1  Low? 


System 


A  or  B 


Is  GSE2 


Side  2  High? 


Fire  All  Heads  Side  2 
ie  Out  4  #  FF 


Is  GSE2 


Side  2  Low? 


Reset  All  Heads  Side  2 
Out  4  #  FF _ 


98 


Start 
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Initialize  R2  To  Free 
RAW  (4040)  SEX  R2 

Apply  Power  To  CCU  And 
Do  Not  Hold  It  In  Reset 
Mode  ie  Out  7  #  14 


Branch  To  Part  2 


6SE  Control's^  No 
In? 


EF3 1 =  1? 


Print  Executive  Command 
"CCU  Running" 


Point  R4  to  CALL  RTN 
Point  R5  To  Return  RTN 
Set  X  =  0 


Branch  to  Part  2 


r 


-i 


[Print  Messages  10,  6,  11 


rint  Message  1  &  2  | 

r 
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Print  Messages  9,  12,  6  j  |  Print  Messages  8,6,7 


Print  Executive 
Conmand  (1) 


Man 

Branch  to 
Loop 

Manual 

Print  Messages  1,  3,  6,  7 1 
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T  TST  OF  EFROR  CODES 


APPENDIX  A- 3 


This  appendix  consist*  of  two  part*.  Both  part*  list  a  set  of  error  messages. 

These  messages  are  used  to  decode  any  failure  conditions  during  the  'CCU  Test'ond' 
the  'Functional  Test' .  The  first  digit  in  the  PASS/FAIL  coded  print  out  corresponds  to 
the  first  error  message . 

PART  I  refers  to  the  CCU  Test 
PART  2  refers  to  the  Functional  Test. 


PART  I 


Message  RAM 

Number  Location 


Error  Message 


1 

4000 

Indicates  System  A  for  Data  Retrieved 

2 

4001 

Adjacency  Fail 

3 

4002 

A/P  Ident  Not  Available 

4 

4003 

SIDE  1  RAMRETN  -  A  FAIL 

5 

4004 

SIDE  2  RAMRETN  -  A  FAIL 

6 

4005 

SIDE  1  RAMRETN  >8  FAIL 

7 

4006 

SIDE  2  RAMRETN  -  B  FAIL 

8 

4007 

SIDE  1  COM-LOGIC  PART  1  ABORT 

9 

4008 

SIDE  1  INHIBIT  FAIL 

10. 

4009 

SIDE  1  COM-LOGIC  PART  2  ABORT 

II 

40QA 

SIDE  1  FAULT  FAIL 

12 

4008 

SIDE!  FIRE  FAIL 

13 

400C 

SIDE  2  COM-LOGIC  PART  1  ABORT 

14 

4000 

SIDE  2  INHIBIT  FAIL 

15 

400E 

SIDE  2  COM-LOGIC  PART  2  ABORT 

16 

40CF 

SIDE  2  FAULT  FAIL 

17 

4010 

SIDE  2  FIRE  FAIL 

18 

4011 

SIDE  1  RAMiTFST  FAIL 

19 

4012 

SIDE  2  RAMTEST  FAIL 

pa(X  bujk-mct  nut 


!  0  3 


I 


PART  2 


I 


i 


Messoge  RAM 

Number  Location 


Error  Message 


1 

4050 

First  Emitter  Test  Failed 

2 

4051 

Fir*  Occured  Immediately  After  Emitter  Test  1 

3 

4052 

Test  1 

Failed 

4 

4053 

Test  2  Failed 

5 

4054 

Test  3 

Heod  1 

(Ut  7) 

Side  2  Operate 

Foiled 

6 

4055 

Test  3 

Head  1 

Lit  7 

Side  2 

Reset 

Failed 

7 

4056 

Test  3 

Head  2 

Lit  6 

Side  2 

Operate 

Failed 

8 

4057 

Test  3 

Heod  2 

Lit  6 

Side  2 

Reset 

Failed 

9 

4058 

Test  3 

Head  3 

Lit  5 

Side  2  Operate 

Failed 

10 

4054 

Test  3 

Head  3 

Lit  5 

Side  2 

Reset 

Failed 

II 

405A 

Test  3 

Head  4 

Lit  4 

Side  2 

Operate 

Failed 

12 

4058 

Test  3 

Head  4 

Lit  4 

Side  2 

Reset 

Failed 

13 

4Q5C 

Test  3 

Head  5 

Lit  3 

Side  2  Operate 

Failed 

14 

4050 

Test  3 

Head  5 

Lit  3 

Side  2 

Reet 

Failed 

15 

405E 

Test  3 

Head  6 

Lit  2 

Side  2 

Operate 

Failed 

16 

405F 

Test  3 

Heed  6 

Lit  2 

Side  2 

Reset 

Failed 

17 

4060 

Test  3 

Head  7 

Lit  1 

Side  2 

Operate 

Failed 

18 

4061 

Test  3 

Head  7 

Lit  1 

Side  2 

Reset 

Failed 

19 

4062 

Test  3 

Head  8 

Lit  0 

Side  2 

Operate 

Failed 

20 

4063 

Test  3 

Head  8 

Lit  0 

Side  2 

Reset 

Failed 

21 

4064 

Test  4 

Heod  1 

Lit  7 

Side  1 

Operate 

Fall 

22 

4065 

Test  4 

Heod  1 

Lit  7 

Side  1 

Reset 

Foil 

23 

4066 

Test  4 

Head  2 

Lit  6 

Side  1 

Operate 

Fail 

24 

4067 

Test  4 

Head  2 

Lit  6 

Side  1 

Reset 

Fail 

25 

4068 

Test  4 

Heod  3 

Lit  5 

Side  1 

Operate 

Fail 

26 

4069 

Test  4 

Head  3 

Lit  5 

Side  1 

Reset 

Fall 

27 

406A 

Test  4 

Heed  4 

Lit  4 

Side  1 

Operate 

Fail 

28 

4068 

Test  4 

Head  4 

Lit  4 

Side  1 

Reset 

Fall 

29 

406C 

Test  4 

Head  5 

Lit  3 

Side  1 

Operate 

Fail 

30 

406  0 

Test  4 

Head  5 

Lit  3 

Side  1 

Reset 

Fail 

31 

406E 

Test  4 

Head  6 

Lit  2 

Side  1 

Operate 

Fall 

32 

406F 

Test  4 

Heod  6 

Lit  2 

Side  1 

Reset 

Fail 

33 

4070 

Test  4 

Head  7 

Lit  1 

Side  1 

Operate 

Fail 

34 

4071 

Test  4 

Head  7 

Lit  1 

Side  1 

Reset 

Fall 

35 

4072 

Test  4 

Heod  8 

Lit  0 

Side  1 

Operate 

Fall 

36 

4073 

Test  4 

Heod  8 

Lit  0 

Side  1 

Reset 

Fail 

37 

4074 

Test  5 

Adjacency  1, 

Z2 

Operate 

Fail 

38 

4075 

Test  5 

Adjacency  1/ 

Z2 

Reset 

Fail 

39 

4076 

Test  5 

Adjacency  2, 

32 

Operate 

Fail 

40 

4077 

Test  5 

Adjacency  2, 

32 

Reset 

Fail 

41 

4078 

Test  5  Adjacency  2, 

'2 

Operate 

Fail 

104 


Contd . . . . 


UdMiMMSHi 


PART  2  Contd 


Menage  RAM 

Number  Location  Error  Message 


42 

4079 

— 

Tett  5 

43 

407A 

Tett  5 

44 

407B 

Tett  5 

45 

407C 

Tett  5 

44 

407D 

Tett  5 

47 

407E 

Tett  5 

48 

408F 

Test  5 

49 

4080 

Tett  6 

50 

4081 

Tett  6 

51 

4082 

Tett  6 

52 

4083 

Tett  6 

53 

4084 

Tett  7 

54 

4085 

Tett  7 

55 

4086 

Tett  7 

56 

4067 

Tett  7 

57 

4068 

Tett  7 

58 

4089 

Tett  7 

Adjacency  2,  1 2 
Adjacency  3,  22 
Adjacency  3, 
Adjacency  4,  32 
Adjacency  4,  32 
Adjacency  8,  4j 
Adjacency  8,  42 
Adjacency  I,  32 
Adjacency  l,  3j 
Adjacency  4,  2j 
Adjacency  4,  2. 


Adjacency /2, 

Adjacency  4,8,V42* 
Adiocacy  ^ 


Reset 

Fall 

Operate 

Fall 

Reset 

Fall 

Operate 

Fail 

Reset 

Fail 

Operate 

Fail 

Reset 

Fail 

Operate 

Fail 

Reset 

Foil 

Operate 

Foil 

Reset 

Foil 

,  2j  Operate 

Fail 

2 2  Reset 

Fail 

>2  Operate 

Foil 

Reset 

Fail 

82  Operate 

Foil 

Foil 


GD/GRAVINER  DFDS  AUTO  TEST  ROUT  N 


SYSTEM  A 
SYSTEM  B 
SIDE  I 
SIDE  2 

NO  GSE  -  CCU  PATH  CHECK  CABLE  I  OR 
REPLACE  CCU 

TEST  ABORT 

SIDE  I  &  2  FAILED 

SIDE  l  PASS 

SIDE  I  FAIL 

SIDE  2  PASS 

SIDE  2  FAIL 

MMaog ••  14-29  ore  no  longar  u»*d. 

GRAVINER  DF  DS  F-lll  CONFIRMED 

ADJACENCY  FAIL 

CONTROL  UNIT  TESTS  COMPLETE 

REPLACE  CCU  ***** . 

Mouage  34  not  uted 
START  CONTROL  UNIT  TESTS 
START  UV-HEAD  TEST 
START  PARAMETRIC  TEST 
START  FUNCTIONAL  TEST 
MMaoge  39  Not  Usod 
UV-HEAD  TEST  COMPLETE 
PARAMETRIC  TEST  COMPLETE 
FUNCTIONAL  TEST  COMPLETE 
M»Mog«  43  Not  u«od 
Mauoga  44  Not 

Manage*  45-52  or*  not  uaed. 

1 06 


CCU  NORMAL  MODE 

Mm*09»  54  Not  mod 

Mouog •  55  Not  utod 

MANUAL  MODE  SELECT  TEST 

AUTO  MODE  SELECTED 

START  READ  CCU  TEST 

READ  CUU  TEST  COMPLETE 

AEROPLANE  IDENT  NOT  AVAILABLE 

COMMON  LOGIC  TEST  ABORT 

5.6V  SIDE  I  FAILED 

5.6V  SIDE  2  FAILED 

320V  SIDE  I  FAILED 

320V  SIDE  2  FAILED 

EMITTER  FAILURE  01 

EMITTER  FAILURE  02 

EMITTER  FAILURE  03 

EMITTER  FAILURE  04 

EMITTER  FAILURE  05 

EMITTER  FAILURE  06 

EMITTER  FAILURE  07 

EMITTER  FAILURE  08 
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APPENDIX  A-6 
SHEET  2  OF  13 


Set  R9  To  4003 
Reset  Previous 
Command  Issue 
Command  To  Do 
RMRN.A  Release 
Reset  Of  CC’J 
Give  3  Secs  Delay 


Store  01  via  R9 
ie  At  4003 


Yes 

OR  Locations 
4503  And  4403 
Store  Result  At 
4403  ie  LDN  RB 
loR  STR  _RA - , 


Store  Code  ie  ID1 

-Cl 

STR  R9  INC 

R9 

INC 

R9 

Set 

Address  And 

Jump  To  Print 

Mes 

saae  31 

Set 

Address  Jump 

To 

Pri 

nt  Message  8 

♦ 


1 


1 


A 

V 
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Read  GSE  1  And  2 
Side  2 
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Hold  ecu  in  Reset 
Mode  Put  CCU  in  GSE 
Mode 


Set  Address  And 
PHnt  Message  61 
Set  R9  -  4010 


System 
A  or  B 


Issue  Cormand  To  Do 
Common  Logic 
Release  Reset  Of 

CCU 


Set  Delay  Timer 
To  Zero  ie  R6  =  0000 


/Side  1  \ 

Is  GSE  2  Highi 


INC  R6 


/  Are  3 
Seconds  Up? 


_ I  Yes 

Store  01  via  R9  ie 
4007  INC  R9 


Give  20ms  Delay 
INC  R9 

./Does  v 
/Fire  0/P 
Indicate 
Fire? 


Store  01  via  R9  ie  At 
4008 


Set  Timer  To  Zero 
ie  R6  =  0000 


5 
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Set  Address  and  Jump 
To  Print  Message  26 


Set  Address  and  Jump 
[To  Print  Message  ~1B 


IDA  99 


Set  Address  and  Jump 
iTo  Print  Message  2? 


LOA  R9 


Set  Address  and  Jump 
[To  Print  Message  19 
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Set  Address  and  Jump 
To  Print  Message  20 


Set  Address  and  Jump 
To  Print  Message  28 


LDA  R9 


Set  Address  And  Jump 
To  Print  Message  21 

1  - 


LDA  R9 


Set  Address  And  Jump 
To  Print  Message  29 


Set  Address  And  Jum| 
To  Print  Message  22 


LDA  R9 


Se 

t  Address  And  J 

ump 

To 

m 
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LDA  R9 


Set  Address  and  Jump 
To  Print  Message  24 


LDA  R9 


Set  Address  and  Jum 
To  Pr-nt  Message  25 


Set  R9  =  4003 


Sex  R9  LDXA 


OR 

IRX 

03 

And 

04 

OR 

IRX 

Reg 

D 

And 

04 

OR 

IRX 

Reg 

D 

And 

05 

OR 

IRX 

Reg 

D 

And 

06 

OR 

IRX 

Reg 

D 

And 

07 

OR 

IRX 

Reg 

D 

And 

08 

OR 

IRX 

Reg 

D 

And 

09 

OR 

IRX 

Reg 

D 

And 

OA 

OR 

IRX 

Reg 

D 

And 

OB 

OR 

IRX 

Reg 

D 

And 

OC 

OR 

IRX 

Reg 

D 

And 

00 

OR 

IRX 

Reg 

D 

And 

OE 

OR 

IRX 

Reg 

D 

And 

OF 

OR 

IRX 

Reg 

D 

And 

10 

OR 

IRX 

Reg 

D 

And 

11 

Fid 

IRX 

Reo 

D 

And 

12 

1 

i 
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I  •  *  ■  V  II  •'•**# 
ffp  t  •  I  T| 
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U  1.1  I'll 
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1807 
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1&0E 
181  t 
1318 
1313 
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1881 
1383 
182E 
1831 
1333 
1834 
1833 
183D 
•1 83E 
133F 
1342 
1344 
1344 
1849 
184ft 
184D 

-  184E 
1351 

1354 

1355 
1 
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1 85C 
1856 
1841 
1843 
1843 
1845 
1 84  B 
1372 
157ft 
1880 
1 885 
1 38C 
188D 
1  894 
189B 
18ft2 
13ft8 


;  o  o  ft  i 

1  0002 

1  0003 

F81SB35  0004 

F307ft?;  0005 

D31  0004 

I  0007 

F81FB9B01  0003 

F844ft0*  0009 

F84GB2J  0010 

ft2 !  0011 

BO!  0012 

!  0013 

D483EE181ft302Ei 0014 
535441525420441 001 5 
41544120414E411 0015 
4C595349538ft!  0015 
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QR6UI800 
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LB  I  *>44 
LB  1*540 
PLO  P2 
SEP  PO 


PHI 
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PHI 

PLO 

PHI 


P3 

P3 


Pft 

PO 

P2 


PHI  PO 
.  .FOP 


BELftY  RTH 


.FPEE  PftM?-BO  BELftY 
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*  T  '■  STftPT  BftTft  ftNftLYSlS'»«8ft 


bCFft08»  0014 
3ft44  *  0017 
F944BB1  0018 
F845Bft»  0019 
FSOOftftftBI  0020 
EBl  0021 
72!  0022 
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FBOfJt  0024 
3ft  3E*  0025 
F5I'lfi9l  0024 
B9l  0027 
26F831 1  0028 
5B1  0029 
F845BB1  — •  003C 
FSOlftBl  0031 
721  0032 
FBP51  0033 
38431  0034 
72FP951  0035 
3ft4  3 1  0036 
F0FB951  0037 
32CEI  0038 
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B0B41  0040 
83EE 1 34B30801  0041 
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SEP  P9 
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. .NOT-O  IS  SYS  ft 
PB  .  .  SET  FOP  BftTft 
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Pft 
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. .ft TM409E 
PHI  PB 

LDIsiOt  PLO  PB  ..POINT  ftT  FIPST  BftTft 
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BH2  LOCI 
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PO  CEP  P4  *  *>8  3EE >  ft ' ♦♦4>  BP  HOP? 
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1807  72FB00S  0 055  lI'XA  XPIwOO 

18Dm  SAEI'l  0058  BUZ  LDC 4 


13  Dm  SAEI'l 
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0053  LOC  2:  9LQ  PB  XRI«»40 

0054  LB™  LDC  3  ..END  MC30-C3F  FDR  ALL  0'S 
i* 055  LI'XA  XPIwOO 
005 A  BNZ  LDC 4 


0053  BP  LOC  2 

0059  LOC " ;  LUl "90  PlD  PB 
0080  LDC5J  i?LO  PB  PI  "BO 
0o8l  LBZ  LOC 7 
008-2 

0  Or-  ?•  Lt'XH  PI::  Oi> 

0 A 4  LBZ  LDC 5 
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18E7  72FB00*  00c ?•  LI'XA  XPIwOO 

18EA  C2 1 3E 1 1  0'.'84  LBZ  LOC 5 

13ED  1  0 0 A 5  PE  TUP N  FOP  MOPE  BYTES 
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1910  C 013851  0089  LBP  PNT2 
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1921  F840BAF3EEAA1  uor8  tM«4»t  PHI  PA  t.OIQEE^PLQ  PA 
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1941  327ft 1 
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0071  L BNZ  PNT5  ..1ST  OP  2ND  PASS 
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0  0  78  t  !•  1  t*4  o  PHI  PA  l.DIQEE  ?PLO  PA 
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ii09 3  fNZ  PNT8  .  .RESULT  IS  NON  ZERO 
0084  SEX  P2 

0095  I  ftP  4  AM  Ilf  08  jvjp. 

0  038  BZ  PNT7  ^ 

0037  _  - 

0088  LDI»44.  FHI  PB  LDN  PB  . . CET  SIDE  2  OCOO  BYTE 
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lF9fi 
1F9E 
1  F70 
1F7  0 
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ADVANCED  FIRE  DETECTION  SYSTEM 


CHAPTER  1 
INTRODUCTION 


The  Gravlner  Advanced  Fire  Detection  System  uses  micro-processor  controlled 
ultra-violet  sensors  to  provide  a  very  high  level  of  detection  validity  even 
against  a  background  of  bright  sunlight. 

The  equipment  Is  used  to  detect  fires  in  aircraft  engine  nacellest  and  two 
systems  are  provided.  System  A  Is  mounted  on  the  left  side  and  has  dual 
sensor  heads  and  dual  micro-processors  to  give  a  high  level  of’cross- 
checklng*  under  fire  conditions,  and  to  give  continued  valid  operation  even 
If  one  or  more  Items  In  the  system  fall.  System  S  is  mounted  on  the  right 
side  and  has  single  sensor  heads  and  a  single  micro-processor. 

Both  systems  comprise  up  to  eight  detector  heads  (five  Installed  In  Fill), 
a  Computer  Control  Unit  (CCU),  and  share  a  common  Crew  Warning  Unit  (CWU). 

In  addition,  a  Ground  Support  Equipment  (GSE)  is  used  for  pre-flight  and 
post-flight  checks. 

Features  Include  continuous  self-checking  of  the  sensors  and  the  processors 
plus  both  a  FAULT  and  a  FIRE  Indicator  on  the  CWU.  If  self-checks  Indicate 
that  a  system  will  not  be  able  to  satisfactorily  Indicate  a  fire,  the  FAULT 
indicator  Illuminates,  warning  the  operator.  A  FIRE  Indication  will  not  be 
given  if  there  Is  a  fault  In  the  system. 
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ADVANCED  FIRE  DETECTION  SYSTEM 


I 


CHAPTER  2 

ABRIDGED  SPECIFICATION 


Response 


Sensor  Failure 


Detector  Heads 

Computer  Control  Unit 

Crew  Warning  Unit 
Ground  Support  Equipment 

Power  Requirements 


The  system  Indicates  a  fire  when  a  detector 
head  is  exposed  to  a  fire  for  1  second  or 
more.  Full  sunlight  falling  on  the  sensor 
does  not  affect  its  sensitivity. 

System  A:  Both  sensors  In  a  detector  head 
hav(  to  fail  before  a  fault  warning  is  given, 
and  if  the  sensors  are  part  of  an  adjacent 
pair,  then  a  fault  warning  will  not  be  given 
until  all  four  sensors  have  failed. 

System  B;  A  fault  warning  is  only  given  if 
the  sensor  that  falls  is  the  only  one  covering 
a  fire  area. 

Each  detector  Is  sealed  against  contamination 
and  can  withstand  up  to  +260°C  for  an 
indefinite  period.  The  connector  has  a  life 
expectancy  of  1000  hours  at  this  temperature. 

Monitors  up  to  eight  detector  heads 
continuously  and  actuates  the  Crew  Warning 
Unit.  Has  the  ability  to  bypass  faulty 
sensor  Inputs  and  In  type  A  systems  to 
maintain  processing  using  one  channel  if 
one  of  the  dual  processing  systems  fall. 

Provides  warning  lamps  and  test  buttons  for 
use  by  the  aircrew. 

Portable  unit  to  automatically  access  stored 
data  from  the  aircraft  and  to  check  out  the 
system. 

System  A:  102-1 24V,  380-420Hz  at  300mA  Max. 

d.c.  at  230mA  max.  for  CCU  plus  15mA 
for  CWU. 

System  B:  102-1 24V ,  380-420Hz  at  150mA  max. 
1&-29V  d.c.  at  250mA  max.  for  CCU  plus  15mA 
for  CWU. 


< 


J 

j 


1 


GSE:  Obtains  supplies  from  aircraft,  but 
16^29V  d.c.  at  20mA  required  for  bench 
recharging  of  internal  battery. 
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ADVANCED  FIRE  DETECTION  SYSTEM 


Dimensions  end  Weight 


CCU:  285nm  deep,  19&nm  high,  J15*” 

Tlomlnal  (11.1  x  7.8  x  4.5  In.).  Weight 
system  A  »  3.72kg  (8.2  lb),  system  B  - 
3.3  kg  (6.04  lb). 

h»aH.  Svstem  A*.  105mn  wide,  6Gwn  high, 

75MB1  deep  7TT?  x  2.4  x  3  In.).  Weight  » 
0.19kg  (0.42  1b)  each. 

He&d  System  8:  70mm  wide,  6&wn  high, 

X  2.4  X  3  in.),  weight - 

0.11kg  (0.24  1b)  each. 

CWU:  146nw  wide,  47mm  high,  11 9wn  deep 
TT'75  x  1  .85  x  4.7  In.).  Weight  3  0.65kg 
(1.37  lb).  Unit  is  shared  by  both  systems 

(££.:  385mm  deep,  465mm  wide,  377mm  Mgh 

(15  16  x  18.31  x  14.84  In.).  Weight  • 
17.77kg  (36  1b)  Including  cables. 


ADVANCED  FIRE  DETECTION  SYSTEM 


CHAPTER  3 

INSTALLATION  CHECKS 


Before  replacing  the  engines  in  the  nacelles,  proceed  as  follows: 

(1)  Check  that  the  wiring  has  been  carried  out  according  to  drawing 
No.  Z22004.  Clean  each  sensor  bulb  with  metal  polish.  Avoid 
touching  the  bulbs  after  cleaning. 

(2)  Fit  the  Crew  Warning  Unit  and  the  two  Computer  Control  Units 
Into  the  aircraft.  The  thicker  cable  from  the  aircraft  cable- 
form  Is  connected  to  system  A  CCU  (Part  No.  53813-203). 

(3)  With  the  aircraft  ground  power  on,  switch  on  the  115V  a.c.  and 
28V  d.c.  circuit  breakers  for  the  equipment.  Check  that  the 
FAIL  Indicators  on  the  CWU  do  not  Illuminate. 

(4)  View  the  detector  heads  In  each  engine  nacelle  and  check  that 
the  emitters  flash  every  15  seconds.  Check  that  when  the  FIRE 
OET  TEST  button  Is  pressed  on  the  CWU  In  the  cockpit  the 
emitter  flashing  rate  increases  (2  people  needed). 

(5)  Carry  out  a  full  check  using  the  Ground  Support  Equipment  as 
described  In  ‘Pre-Flight  Checks*  (5-1). 


ADVANCED  FIRE  DETECTION  SYSTEM 


CHAPTER  4 

GROUND  SUPPORT  EQUIPMENT 


The  GSE  Is  a  portable  automatic  check-out  unit  for  the  aircraft  equipment. 
It  performs  3  basic  functions;  it  reads  out  the  stored  data  gathered 
during  the  flight,  and  it  checks  the  operation  of  the  system  and  identifies 
which  line  replaceable  unit  (LRU)  is  faulty. 

The  flight  data  Is  stored  in  RAM's  in  the  CCU  and  a  battery  back-up  in 
system  8  CCU  keeps  the  RAM  data  refreshed  when  the  aircraft  supplies  are 
switched  off.  To  ensure  that  the  RAM  data  is  not  lost  when  the  GSE  is 
connected,  a  refresh  battery  is  contained  in  the  GSE  and  is  connected  to 
the  CCU  via  cable  1.  Note  that  the  GSE  must  always  be  connected  to  system 
A  CCU  first  and  that  cable  1  must  be  connected  before  the  aircraft  cable- 
form  is  disconnected  from  the  CCU.  The  cables  are  stored  in  the  top  cover. 


To  ensure  that  the  RAM  refresh  battery  in  the  GSE  is  fully  charged,  cable 
4  Is  plugged  into  cable  No.  2  socket  and  the  28V  wires  in  the  cable  are 
connected  to  a  bench  28V  supply  when  the  GSE  is  not  In  use.  The  battery 
should  be  charged  for  at  least  3  hours  prior  to  use.  Before  carrying  out 
any  tests,  always  verify  that  the  battery  is  satisfactory  by  pressing  the 
GSE  BATTERY  TEST  button  and  checking  that  the  adjacent  Indicator  Illuminates. 
If  the  lamp  does  not  illuminate,  reconnect  the  GSE  to  the  28V  bench  supply. 


Always  check  the  quantity  of  paper  on  the  printer  roll.  Red  lines  on  the 
printer  show  the  roll  diameter  at  which  the  roll  should  be  changed. 

To  load  the 

paper,  refer  to  fig.  4-1  and  proceed  as  follows: 

(1)  Open  the  viewing  window  by  turning  the  catches  and  then  hinging 
the  window  to  the  right. 


(2)  Press  the  Paper  Feed  Release  Button  and  remove  the  existing 
paper. 

(3)  Insert  the  paper  spindle  Into  a  new  roll  of  pa per^i Electro¬ 
sensitive)  and  place  the  spindle  into  the  slots  in  the  Paper 
Spindle  Bracket.  The  loose  end  of  paper  should  come  off  the 
bottom  of  the  roll  and  up  towards  the  operator. 


(4)  Pass  the  end  of  the  paper  down  into  slot  A  in  the  top  of  the 
printhead. 


(5)  Feed  the  paper  into  slot  A  while  turning  the  Paper  Advance 
Thumbwheel  towards  the  rear  of  the  printer.  The  paper  auto¬ 
matically  cycles  through  the  printhead  and  out  of  slot  B. 


(6)  Hinge  the  viewing  window  to  the  left  and  latch  into  position 
by  turning  the  two  catches. 

4 
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At  any  time  the  paper  can  be  pulled  through  the  printer  by  holding  the 
Paper  Feeder  Release  Button  down. 

The  GSE  will  only  operate  fully  when  the  GSE  switch  is  set  to  IN.  When  the 
switch  Is  set  to  OUT,  the  inputs  and  outputs  are  isolated  from  the  GSE 
Internal  circuits.  By  reconnecting  the  aircraft  cableform  to  the  CCU, 
normal  operation  of  the  aircraft  equipment  can  be  obtained  with  the  GSE 
still  connected  to  the  GSE  connector  on  the  CCU. 

For  standard  flight  testing,  the  GSE  is  operated  In  the  AUTO  mode.  The 
MANUAL  routine  selection  position  of  the  keyswitch  enables  each  test  to  be 
Individually  selected,  as  long  as  certain  rules  are  observed,  as  follows: 

(1)  Turn  key  switch  to  Manual. 

(2)  Depress  start  button. 

NOTE:  Having  printed  the  opening  messages  the  printer  will  print: 
MANUAL  MODE . SELECT  TEST?-- . *X* 

(3)  Select  DATA  READ  program. 

Having  read  the  data  printer  will  print  message  ‘X1  again. 

(4)  Select  Control  Unit  tests. 

Having  performed  and  printed  results  the  printer  will  print 
message  * X *  again. 

(5)  Select  UV  Head  Tests. 

Having  performed  and  printed  results  the  printer  will  print 
message  * X*  again. 

(6)  Select  Parametric  Test. 

Having  performed  and  printed  results  the  printer  will  print 
message  * X *  again. 

(7)  Select  Functional  Test. 

Having  performed  and  printed  results  the  printer  will  print 
message  'X*  again. 

(8)  Select  Data  Analysis  Test. 

Having  performed  and  printed  results  the  printer  will  print 
message  'X'  again. 

(9)  Power  off  and  disconnect  cables  as  for  AUTO  MODE  If  the  above 
tests  are  not  to  be  repeated. 

The  four  indicators  marked  ' 1 ,  2,  3,  4'  provide  additional  diagnostic 
information  if  a  fault  develops.  They  are  used  only  when  cable  1  of  the 
GSE  is  connected  (the  aircraft  cable  form  is  connected  straight  to  the 
CCU),  and  the  GSE  switch  is  set  to  IN. 
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ADVANCED  FIRE  DETECTION  SYSTEM 


INOICATOR  FUNCTION 

i  2  Illuminate  alternately  at  the  time  sharing  rate 

(each  on  for  167ms)  to  show  that  the  time  shanng 
is  operational. 

3  4  Indicator  3  illuminates  when  side  1  emitter 

operates  (every  15  seconds)  and  indicator  4 
illuminates  when  side  2  emitter  operates. 


The  main  features  of  the  RAM  print-out  are  identified  in  fig.  4-2. 

rn  addition  to  its  use  when  recharging  the  OSE  battery,  cable  4  has  additional 
SniUSSn „McO i«2*«  ft  to  00  Seed  for  »  bench  check-out.  of  cyctem  unUs. 
The  connections  are  shown  in  fig.  4-3. 
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Indicates  valid 
data  reflows 


Fire,  level  5 
00  00  00  00 
Lo  Hi  Store, 
Time  last 
Count  event 

Fire,  level  4 
00  00 

Hi  Store  last 
I  event 
Time 

Error  code 
causing  self 
shut-down 

Time  of 
shjt  down 
00  00 
Lo  Hi 


Main  timer 
operation 
00  00 


Errot  cede  causing 
opposite  processor 
shut-down 
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First  fire 
time 
00  00 
Lo  Hi 


Adiacency 
set  where 
1st  fire 
occurs 


Background 
count 
00  00 
Lo  Hi 


f  ime  of  last 
head  failure 
00  00  00 
ho  hi  head  ret. 


Adiacency 
head  failure 
00  00  00 
HH0  HH 1  set 


Time  when  FIRE 
DET  TEST  button 
was  pressed 
00  00 
Lo  Hi 


Fire,  level  2 
00  00  00  00 
|  Lo  Hi  5tOre 
j  Time  lost 
Count  event 

Fire,  level  4 

-  00  00 

^  LoTime 
Count 

Fire,  level  3 
00  00  00  00 

Lo  Ml  Store 
Time  |U( 

Count  event 

Adiacency  set 
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Time  when  last 
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Lo  Hi 


FIG.  4-i  iA-tiN  FEATURES  OF  RAM  PRINT -OUT 
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CHAPTER  S 

OPERATIONAL  PROCEDURES 


I 


i 


1 .  Pre-Flight  Checks 

These  checks  ensure  thet  the  equipment  is  fully  functional  before  a 

flight  test  is  started.  Proceed  as  follows: 

(1)  Switch  on  the  aircraft  circuit  breakers  for  the  engine  fire 
control  system  and  run  the  equipment  on  groun'-  -ower  for  30 
minutes;  this  ensures  that  the  RAM  refresh  ries  in 
system  S  CCU  have  sufficient  charge  to  hold  ed  data. 

(2)  Ensure  that  the  GSE  has  been  on  charge  for  at  least  3  hours 
immediately  prior  to  use.  Press  the  GSE  BATTERY  TEST  button 
and  check  that  the  adjacent  indicator  illuminates  (GSE  refresh 
battery  is  charged).  Check  that  there  is  sufficient  paper  on 
the  printer  paper  roll.  If  necessary,  replace  the  roll  (see 
Chapter  4). 

(3)  Connect  the  GSE  to  the  CCU  of  system  A  (Part  No.  53813-203), 
starting  with  cable  1  and  then  connecting  as  shown  in  fig.  5-1. 

WARNING:  WHEN  THE  A IRC RAH  PLUG  IS  REMOVED  FROM  THE  CCU,  AC 
POWER  IS  PRESENT  ON  THE  EXPOSED  CONNECTIONS  OF  THE 
AIRCRAFT  PLUG. 

(4)  On  the  GSE  set  the  POWER  switch  to  ON  and  check  that  Ubv  aid*  1  and 
llSv  aid«2 power  rail  indicators  illuminate,  noting  that  with 

system  B  only  aid*  1  indicator  will  illuminate.  Set  the  GSE 
switch  to  IN,  ensure  that  the  AUTO/MANUAL  keyswitch  is  at  AUTO 
and  press  the  START  PROGRAM  button.  The  flight  data  print-out 
will  be  meaningless  but  will  show  how  many  good  detector  heads' 
are  available.  Verify  that  there  are  no  equipment  faults 
indicated  on  the  rest  of  the  print-out. 

(5)  Reconnect  the  aircraft  cableform  to  the  CCU  of  system  A  and  repeat 
the  connections  and  checks  cf  (3)  and  (4)  above  for  the  CCU  of 
system  B  (Part  No.  53813-204). 

2 .  Cockpit  Check 

With  'he  equipment  power  on,  the  following  checks  must  be  made  prior 

to  a  u-st  flight: 

(1)  Press  the  FAIL  IND  TEST  button  on  the  Crew  Warning  Unit  (CWU) 
and  check  that  the  left  and  right  FIRE  DET  FAIL  indicators 
illuminate. 
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(2)  Press  the  FIRE  DET  TEST  button  and  record  the  time  at  which  it  was 
pressed.  Check  that  the  left  and  right  FIRE  indicators  Illuminate. 

NOTE:  The  FIRE  DET  TEST  button  can  be  pressed  at  any  time 
during  a  flight  to  check  the  circuit  but  the  time  at 
which  the  button  is  pressed  must  be  recorded  on  every 
occasion.  This  provides  the""3aTum  time  for  the  stored 
flight  data. 

3.  In-F1l9ht  Operation 

If  a  fire  occurs  during  the  flight,  the  appropriate  FIRE  button  will 
Illuminate  (LEFT  or  RIGHT). 

For  future  analysis,  the  equipment  records  the  time  and  sensor  inputs 
for  all  fire  or  ‘near-fire1  events  In  relation  to  the  time  when  the 
FIRE  GET  TEST  button  was  last  pressed. 

4.  Post-Flight  Checks 

CAUTION:  THE  FOLLOWING  CHECKS  MUST  BE  CARRICO  OUT  WITHIN  A  FEW 
HOURS  OF  THE  AIRCRAFT  LANDING.  THE  TIME  IS  DETERMINED 
BY  THE  CHARGE  ON  AN  INTERNAL  BATTERY;  IF  THE  BATTERY 
DISCHARGES  BEFORE  THE  CHECXS  TAKE  PLACE,  ALL  THE  RIGHT 
DATA  WILL  BE  LOST.  WITH  A  FULLY  CHARGED  BATTER*  THE 
OATA  WILL  BE  HELD  FOR  UP  TO  8  HOURS  BUT  FOR  SAFETY  IT 
IS  RECOMMENDED  THAT  THE  CHECKS  ARE  H/  t  WITHIN  2  HOURS 
OF  LANDING. 

Proceed  as  follows: 

(1)  Remove  power  from  Fire  Detection  Systea  aa  follows 

(a)  Break  CCU/CWU  28V  DC  Breaker 

(b)  Break  AC  ayatan  A  o-.  syates  B  Breakara  aa  ap-  <  riata 
NOTE:  Syataa  A  haa  two  AC  Breakers 

(2)  Ensure  that  the  GSE  has  been  on  charge  for  at  lea  •  3  hours 
Iwedlately  prior  to  use.  Press  the  GSE  BATTERY  T  button 
and  check  that  the  adjacent  indicator  Illuminates  (GSE  refresh 
battery  Is  charged).  Check  that  there  is  sufficient  paper  on 
the  printer  paper  roll.  If  necessary,  replace  the  oil  (see 
Chapter  4).  Set  the  GSE  switch  to  IN,  ensure  that  a»e  AUTO/ 

MANUAL  keyswltch  Is  it  AUTO,  and  that  the  POWER  switch  Is  OFF. 

NOTE:  There  Is  an  Instruction  label  on  the  GSE  giv.ng  connection 
and  operating  Information. 

(3)  Connect  cable  1  from  GSE  socket  1  to  the  GSE  plug  on  the*  CCU  of 
system  A  (Part  No.  53813-203). 
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caution/  TO  ENSURE  THAT  THE  STORED  DATA  IS  HOT  LOST,  SYSTEM  ‘A* 

-  CCU  MUST  ALWAYS  BE  CHECKED  BEFORE  SYSTEM  'B',  AND  CABLE 

1  MUST  ALWAYS  8E  CONNECTED  BEFORE  THE  AIRCRAFT  CABLE- 
FORM  IS  DISCONNECTED  FROM  THE  CCU. 

(4)  Complete  the  connection-  between  the  GSE  and  CCU  ea  shown  in  fig. 

5-1.  Hots  that  ths  eitvsaft  cableforr  to  eye tea  A.  CCU  is  thicker 
Chan  '.hat  to  ayetea  &  CCU.  M«ke  AC  Bta:kars  followad  by  DC 
Circuit  Breakers. 

(5)  On  th«  GSE  set  the  POWER  switch  to  OM  ai—  check  that  the  adjacent 
power  rail  Indicators  Illuminate,  noting  that  with  system  B  only 
one  115Y  indicator  will  illuminate  (not  side  2).  If  the  Indicators 
do  not  Illuminate  check  the  aircraft  circuit  breakers. 

(6)  Press  the  START  PROGRAM  button.  The  GSE  will  start  to  print  out  the 
stored  RAM  data.  There  are  two  tables  of  data  from  system  A  and 
one  from  system  B.  After  the  RAM  data  the  GSE  will  perform  a  series 
of  tests.  If  the  tests  are  satisfactory  an  appropriate  print-out 
will  result.  If  a  fault  is  present,  the  print-out  will  Indicate 
which  LRU  should  be  replaced.  Typical  print-outs  are  shown  in  fig. 
5-2.  Total  Seat  run  tin*  in  automatic  mod*  la  typloally  7$  mlautaa. 

(7)  On  the  CWU  (cockpit)  press  the  FIRE  OET  TEST  and  then  the  FAIL  INO 
TEST  buttons.  Ch<  Jc  that  the  appropriate  Indicators  illualnate. 

(8)  Mien  the  checks  on  system  A  have  been  completed  satisfactorily, 
disconnect  the  aircraft  eablefona  from  the  GSE  extension  cable 
and  reconnect  It  securely  to  the  A/C  PLUG  on  system  A  CCU.  Dis¬ 
connect  the  GSE  PLUG  cable  (cable  1)  ft'om  system  A  CCU. 

(9)  Repeat  procedures  (2)  to  (8)  for  system  B  (Part  No.  53813-204). 

(10)  After  checking  and  carefully  reconnecting  both  units,  carry  out  a 
cockpit  check  of  the  CWU  to  ensure  that  the  connections  are  satis¬ 
factory. 


/  Bote.  System  B  may  be  oheoked  out  in  isolation  by  carrying  out 
procedures  (2)  to  (8)  for  system  B  only,  however  data 
retained  in  system  A  will  be  lost. 
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CHAPTER  6 

SYSTEM  DESCRIPTION 


The  units  of  the  system  are  shown  in  fig.  6-1,  and  a  simple  block  diagram 
In  fig.  6-2. 

1 .  Sensors 


The  sensors  used  are  Graviner  developed  units  which  give  a  signal  when 
exposed  to  ultra-violet  (UV)  radiation  at  frequencies  below  those  in 
solar  radiation;  hence  they  discriminate  against  sunlight.  Within  the 
operating  spectrum  of  the  sensor  there  Is  still  sufficient  liV  radiation 
from  the  flames. 

When  the  sensor  operates,  an  avalanche  action  occurs  and  the  increase 
in  current  is  detected  at  the  Computer  Control  Unit  (CCU).  The  320V 
sensor  supply  is  then  switched  off  to  allow  the  sensor  to  recover,  and 
then  switched  on  again.  If  the  UV  sensor  avalanches  four  times  or 
more  in  three  successive  167ms  gating  periods  then  a  fire  condition  is 
computed. 

In  the  dual  system  (system  A),  two  sensors  are  mounted  on  each 
detector  head  and  are  controlled  In  a  time-share  arrangement.  A  fire 
condition  will  only  be  computed  If  both  sensors  avalanche  four  times 
or  more  in  each  of  three  successive  gating  periods  per  side. 

In  certain  parts  of  the  Installation  two  detector  heads  view  the  same 
area.  This  is  termed  adjacency,  and  the  processor  checks  that  all 
sensors  covering  a  particular  area  give  a  similar  output  under  fire 
conditions.  The  heads  which  provide  adjacency  outputs  are  given  in 
Table  6-1.  The  outputs  of  both  sides  of  a  detector  head  and  adjacent 
heads  are  fed  via  an  AND  system  to  give  the  greatest  certainty  of  a 
fire  condition.  If  a  fault  condition  exists  In  any  sensor,  the  output 
will  change  to  an  OR  system  so  that  valid  fire  warnings  will  still  be 
given  even  when  up  to  three  of  the  four  sensors  (two  system  A  detector 
heads)  covering  an  area  fall.  The  approximate  positions  of  the  sensors 
in  the  engine  nacelle  is  shown  in  fig.  6-3. 


Fire  Area 


TABLE  6-1 
ADJACENCY 

'  N*  ]/* 

1  2  3 
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To  ensure  that  the  sensors  are  operating  correctly,  each  has  an  adjacent 
UV  emitter  which  Is  activated  every  15  secs  while  the  equipment  is  oper¬ 
ating.  In  system  A,  the  side  1  emitters  are  energised  simultaneously  and 
the  processor  checks  the  output  from  every  side  1  sensor.  The  side  2 
emitters  are  then  energised  and  the  processor  checks  every  side  2  sensor. 
If  a  sensor  Is  found  to  be  faulty,  the  processor  arranges  to  disregard 
its  output  when  computing  a  fire  condition. 

2.  Computer  Control  Unit  (System  A) 

The  CCU  contains  two  microprocessor  systems  each  with  their  own  power 
supplies.  Each  processor  controls  one  sensor  in  every  dual  detector 
head  but  each  is  interconnected  so  that  the  fault  status  of  the  sensors, 
the  processors  themselves,  and  the  associated  electronics  can  be 
verified.  The  power  supplies  are  completely  separate  so  that  if  one 
fails  half  the  system  is  still  available  to  detect  fires. 

The  CCU  operates  in  a  continuous  series  of  167ms  periods,  as  indicated 
in  fig.  6-4. 

A  random  access  memory  (RAM)  keeps  a  record  of  all  sensor  'counts' 

(number  of  gate  periods  in  which  4  or  more  avalanches  took  place), 
sensor  and  processor  status,  etc.  To  retain  the  information  when  the 
aircraft  supplies  are  switched  off,  a  rechargeable  RAM  refresh  battery 
is  contained  In  the  CCU  of  system  8  which  supplies  the  two  RAM's  in 
system  A  and  the  one  In  the  system  8  CCU. 

3.  Computer  Control  Unit  (System  B) 

The  CCU  contains  a  single  microprocessor  only.  However,  it  will  take 
note  of  adjacency  conditions  (table  6-1).  The  same  self-checking 
facilities  are  Incorporated  as  in  system  A. 

4.  Crew  Warning  Unit 

The  CWU  has  FIRE  and  FAULT  indicators  for  two  installations  (system  A, 
LEFT  engine  and  system  B,  RIGHT  engine).  In  addition.  It  has  test 
buttons  for  both  the  FIRE  and  FAULT  Indicator  circuits. 

5.  Ground  Support  Equipment 

The  GSE  Is  connected  Into  the  aircraft  system  by  cables.  It  provides 
an  automatic  print-out  of  the  RAM  contents  so  that  the  time  of  a  fire, 
the  number  of  fires,  etc,  can  be  quickly  ascertained.  The  RAM  also 
provides  a  mass  of  other  data  which  will  be  used  as  an  aid  to  future 
designs.  The  GSE  Is  also  used  to  give  a  comprehensive  check-out  of 
the  aircraft  equipment.  These  Include  a  CCU  test,  a  sensor  test,  a 
parametric  test  (power  supplies,  etc),  a  functional  test,  and  finally 
a  data  analysis.  The  print-out  indicates  when  tests  are  satisfactory 
and  also  Identifies  failures  down  to  LRU  level. 
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CHAPTER  7 
MAINTENANCE 


1.  Qetector  Heads 


Each  time  that  an  engine  is  renoved  from  the  aircraft.  Inspect  and 
clean  all  the  detector  heads  (both  sensors  and  emitters)  n  that 
nacelle  with  metal  polish. 

If  a  sensor  fault  Is  Indicated,  before  replacing  the  appropriate 
detector  head,  check  for  cleanliness.  When  a  head  has  be«;n  either 
cleaned  or  replaced,  repeat  the  GSE  check  to  ensure  that  the  sensor  is 
operational  and  there  Is  no  wiring  fault. 

After  1000  flying  hours,  the  detector  heads  should  be  replaced. 

2.  Crew  Warning  Unit 

Replace  the  indicator  lamps  in  the  CUU  periodically  according  to  the 
aircraft  maintenance  schedule. 

3.  Ground  Support  Equipment 

If  the  battery  test  Indicator  does  not  illuminate  when  the  button  is 
pressed  and  the  GSE  has  just  been  on  charge,  check  the  battery  indica¬ 
tor. 

Periodically  connect  one  end  of  cable  4  to  cable  No.  2  socket  and  the 
appropriate  wires  at  the  other  end  to  115V  a.c.  snd  2BV  d.c.  bench 
supplies.  Set  the  POWER  switch  to  ON  and  check  that  the  appropriate 
indicators  illuminate. 

A  partial  lndloatlon  that  around  support  Equipment  is  functional 
nay  ba  obtained  by  preaaiag  and  releasing  the  start  program  button 
on  the  OSI  front  panel. 

The  printer  should  respond  with  the  neaeagei 
ST3T8M  B 

BO  OSI  -  CCU  PATH 

CHICK  CAB LI  1  ot  BBT  LACK  CCD 

T1ST  ABORT. 
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